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INTRODUCTION 
Soybeans (Glycine max (L.) Merrill) have been tradi­
tionally grown in the midwestem part of the United States 
in rows spaced about 40 inches apart. This developed mainly 
because of the easier cultivation and better weed control 
possible in wide rows. All varieties currently used have been 
bred and developed in wide rows. 
In the midwest, it has been known for many years that soy­
beans grown in rows spaced closer than 40 inches could outyield 
soybeans grown in wider rows provided adequate weed control was 
achieved. Increased narrow row yields have been obtained with 
varieties adapted to the standard wide row culture. More ef­
fective herbicides have become available in recent years which 
have caused a re-examination of narrow row soybean production. 
Presumably better herbicides in the future will Increase the 
feasibility of narrow rows. In addition, cultivation can still 
be practiced in some narrow rows, such as 30-lnch rows. The 
reporting of a variety's performance and yield response in 
narrow rows in the I969 Iowa Soybean Trials (Clark et al., 
1969) typifies the awareness of the importance of the differ­
ent performances of varieties in wide and narrow rows. 
Nevertheless, there is still doubt about the type of soy­
bean plant desirable for narrow row production. Although yield 
increases from narrow rows have been reported and the differing 
responses of varieties in the I969 Iowa soybean trials (Clark 
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et al., 1969) imply genotype x row spacing interactions, it 
is not really known if genotype x row spacing interactions 
are important in soybeans. That is, it is not known whether 
varieties bred for 40-inch rows are the best varieties that 
could have been obtained if the selection of the varieties 
for narrow rows had been made in narrow rows. For example, 
when selection in a breeding program is made in 40-lnoh rows, 
the V rleties that yield highest in narrow rows may not be 
selected because of their relatively poor performance in wide 
rows. Similar arguments can be used regarding plant popula­
tion X variety interactions. Much work has been done on the 
effect of plant population on yield of different varieties 
but nearly all of this has been at a single, wide row spacing. 
If variety x row spacing interactions are Important in a 
breeding program, selection of varieties for the different row 
spacings should be carried out in that respective spacing. 
However, this could require two separate breeding programs 
since both wide and narrow row production will continue but 
the varieties best adapted for each row spacing could be 
different. Breeding in wide rows is convenient for the plant 
breeder because of the ease of planting and harvesting (fewer 
rows), and the ease of note taking in wide rows. Therefore, 
it would be desirable to be able to identify and select plant 
types in wide rows that one would expect to perform well In 
narrow rows. 
Work in crops other than soybeans, in particular the 
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cereals, has reported morphological characters that are 
associated t^ith yield performance under high yield levels. 
Donald (I968) termed breeding for model characters associated 
with high yield "ideotype breeding". It is not known whether 
such an approach could be profitable in a dicotyledonous 
plant, such as soybeans. The heritabilities of model char­
acters, often used in cereals, such as leaf area and leaf 
dimensions, are not known in soybeans. 
This study was conducted, using three populations of 
unselected advanced generation lines of soybeans (Glycine max 
(L.) Merrill), to examine the following; 
1. The occurrence of genotype x row spacing or genotype 
X population interactions for yield and other char­
acters in these populations 
2. The different lines in terms of their seed yield re­
sponse to narrow rows and to relate morphological 
characters to these responses 
3. Seed yield per se of the lines of the three popula­
tions in different row spacing and plant population 
managements and to examine reproductive and morpho­
logical characters associated with yield 
4. The heritabilities of some soybean leaflet character­
istics in these populations 
5. Morphological changes occurring in these populations 
as a result of growing the material in different 
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row spacings and populations 
6, The possibility of selecting Ideotypes in wide rows 
for high production in narrow rows. 
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LITERATURE REVIEW 
Yield Responses of Soybeans to Narrow Rows 
Soybeans have generally been grown in row spaclngs of 40 
inches. Anything narrower, usually 30 inches or less, has 
been referred to as "narrow rows". Wide differences in the 
response of soybeans to narrow rows have been reported from 
the north and the south of the United States. As early as 
1939» Wiggans in New York reported the advantages of narrow 
rows and optimum spacing of soybean plants, which is determined 
by the particular growing area and the particular variety. 
Similarly, yield responses to narrow rows have been re­
ported in Illinois (Pendleton et al., I96O), Minnesota 
(Cooper and Lambert, I965» Lehman and Lambert, I96O), and Iowa 
(Clark et al., I969) and others. There has been consistent 
response to narrow rows for soybeans in the north—ranging 
from 5/^ to 30#. 
In the south, however, yield responses to narrow rows 
are rare. Seed yields were not increased in Mississippi and 
Florida by using rows narrower than 36 to 40 inches according 
to Hartwig (1957) and Smith (I952). Caviness (I966) found no 
trials in Arkansas showing any significant advantage for narrow 
rows. In the rare trials in which soybean yields have been 
increased by narrow rows in the south, the yield levels were 
low. 
Cooper and Lambert (I965) studied three varieties in 
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narrow (22 or 24 inches) and wide rows (40 inches) for a 
number of dates and locations in Minnesota. They found that 
the percentage increase from narrow-spaced rows was greater 
for earlier varieties or when planting was delayed. They 
obtained the maximum total seed yield with the latest variety 
(Chippewa), the narrower spacing (24 inches), and the earli­
est planting (late May). 
Reasons for the differences in soybean responses to 
narrow rows between the north and the south can be attributed 
mainly to the difference in the types of soybean grown in the 
two areas (Cartter and Hartwig, 1962» Jeffers, I966). In the 
northern areas an indeterminate type of soybean is grown. 
With this type, soybeans set flowers and pods earlier in the 
season before canopies close over in wide rows, and they con­
tinue setting flowers at each node as the plant develops. 
In the south, determinate soybean varieties are grown. These 
varieties have a longer vegetative period before the reproduc­
tion phase commences, and by the time flowering and pod forma­
tion occur they have quite a large canopy. Flowering and 
pod formation ceases with a large terminal raceme. 
Numerous studies have related light energy with growth 
and yield of various species. In a review article, Black 
(1957) concluded that the overall quantity of light energy 
rather than the light intensity is the important factor in the 
growth of pasture species. Hayashi (I966) showed that dry 
matter production in the early stages of growth of rice 
7 
varieties was determined by the efficiency of intercepting 
incident light energy. In the middle and later stages of 
growth after the canopy had formed, the dry matter production 
was more a function of the efficiency of utilizing the inter­
cepted energy. He estimated that the average proportion of 
light intercepted over the whole growing season was 4$ to 66%. 
The efficiency of utilizing the total light energy above the 
canopy for dry matter production was only 1.5 to 2,1%. Multi­
plying the efficiency of utilization by the average proportion 
of light intercepted gives the efficiency of converting the 
total incident radiation to dry matter. It was estimated to be 
,7 to 1.4$. Hayashi's study illustrates the basic inefficiency 
involved in the light energy conversion process and also illus­
trates that improvement could be expected by having a greater 
percent light interception. This could be achieved by earlier 
complete light interception. 
Extensive studies have been carried out in Iowa regarding 
the nature of the responses of the soybean variety, Hawkeye, to 
differing populations and row spaclngs (Shibles and Weber, 
1965# 1966a and 1966b} Weber et al., I966). They found that 
dry matter production of soybeans was linearly related to per­
cent light Interception and spatial arrangement had little 
influence on the efficiency of utilization of intercepted 
radiation. That is, the main effects of differing plant 
arrangements were the formation of a canopy to intercept light 
energy for photosynthesis and leaf area production which 
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resulted m variation in Interception. Narrow rows "filled 
in" noticeably earlier than wide rows. During the time of 
seed formation, there were little differences between the per­
cent interception of the different treatments. The authors 
attributed the increased seed yield of the narrower rows to 
differential utilization of photosynthate during seed forma­
tion, They noted that higher yields were associated with 
higher harvest indices. However, it could be said that the 
yield differences were due to more pods and seeds set during 
the bloom and beginning seed phases when there would be greater 
differences in percent interception of light between the treat­
ments on seed size so the effect on seed yield must have been 
due to Increased numbers of seeds, which would presumably have 
been determined prior to the seed formation stage. 
The information on leaf area formation in the above 
studies (Shibles and Weber, I965) was revealing. In nearly 
all treatments the production of leaf area was beyond that 
photosynthetlcally required. Despite the overproduction of 
leaves, dry matter did not decline at high LAI's, which sug­
gested that the lower leaves were not "parasitic" on the upper 
productive leaves that were exposed to the sun. However, this 
does Indicate that the formation of leaves in Hawkeye is in­
efficient for many of the managements considered. For 40-
inch rows, the spacing in which Hawkeye was selected, however, 
there was probably little excess production of leaf area. 
The lower leaves of Hawkeye are probably important in the 
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Interception of solar radiation at low solar altitudes in 
40-inch rows. The overproduction of leaf area in narrower 
rows of different populations does lead one to hypothesize 
that there are plant types more suited for growing under 
these conditions. It also raises questions about the morpho­
logical type of plant desirable for narrow row production, and 
it raises questions concerning the methodology of breeding 
for narrow-row varieties. One of the advantages of wide rows 
is their convenience for the breeder in selection. If varie­
ties suitable for narrow rows could be recognized in wide rows, 
it would be advantageous to breed for narrow rows in the 
standard wide row. 
In summary, then, the literature indicates that narrow 
rows produce higher seed yields than wide rows mainly because 
of early light interception in narrow rows. Therefore, narrow 
rows have an overall season advantage in the amount of light 
intercepted and photosynthesis occurring. The yield differ­
ence is mainly due to number of beans produced rather than 
bean size. The number of beans is determined fairly early in 
the reproductive stage. 
Plant Characters Related to Yield Response of Narrow Rows 
One would anticipate that there would be a range of plant 
types which would similarly give a range in responses to narrow 
rows. Indeed, the environment itself can cause different 
ranges of plant responses on identical genotypes. The earlier 
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quotation of the range of from zero increase from narrow rows 
In the south to a range of yield responses in the north illus­
trates how different genetic types in different environments 
can respond to managements. 
Except for the Hawkeye work, little work has been done 
to relate soybean yield responses of narrow rows with morpho­
logical characteristics. However, work in other crops is be­
ginning to relate plant characteristics associated with yield 
responses under different plant arrangements. Ultimately, 
however, the factors contributing to maximum yield in any 
particular environment are the most important, since the yield 
per se in any environment is of economic importance and a 
variety with high response does not necessarily yield the 
highest. 
Yield responses to narrower than commercial spacings have 
been observed in other crops besides soybeans. For example, 
they have occurred in winter wheat (Stoskopf, I967), grain 
sorghum (Atkins et al., I968), peas (Gritton and Bastin, I968) 
and cotton (Ray and Hudspedh, I966). 
Ray and Hudspedh (I966) found significant variety x row 
spacing Interactions in cotton and concluded that early varie­
ties which have small leaves orientated in an upright manner 
seem best adapted to narrow row culture, 
Stoskopf (1967) found that short strawed, upright-leaved 
selections of winter wheat gave a 12.6# increase from narrow 
rows compared to 6.9# increase from the tall, "droopy-leaved" 
11 
check variety. However, the check variety outyielded the 
selections on all occasions and no statistically significant 
row spacing x variety interaction was obtained. The author 
concluded that yield deficiencies in upright-leaved types could 
not be compensated for by a heavier seeding rate. 
Data from grain sorghum (Stickler and Younis, I966) 
showed that plant height was a factor affecting the yield re­
sponse to row width and stand density. Three sorghum varieties 
were isogenic for a single gene giving tall and short types. 
The short genotype performed better at high stand density but 
the tall genotype was superior at lower stand densities. The 
presentation of Stickler and Younis' data made it impossible 
to determine if there was a genotype x row spacing interaction. 
In com, there is evidence of characters that make a hy­
brid tolerant of higher populations. Stinson and Moss (i960) 
reported that hybrids that were tolerant of shade were also 
tolerant of thick plantings. These hybrids showed reduced 
ear weight under shade, but most Importantly, they showed a 
much lower incidence of barren ears under dense plantings. 
Hence, there has been a limited amount of work in some 
crops associating morphological characters, such as height and 
leaf type, with increased response to narrow rows. 
In soybeans, other characters besides yield have been 
observed to vary in response to narrow rows. Pendleton et al., 
(i960) noted that plant height of soybeans depended on rain­
fall. With plenty of moisture, plants in narrow rows tended 
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to be taller than those in 40-inch rows. Under dry condi­
tions, the height of the plant increased with the width of 
row. Probst (19^5) found differential lodging of varieties 
across spacing treatments, and he attributed this to be a 
cause of significant variety x spacing interactions for yield. 
A factor of primary importance in determining differential 
response of soybean characters to spacings between varieties is 
photoperiod, Hinson and Hanson (I962) showed that genotypes 
that flowered later were taller, had more nodes and branches 
per plant, and were able to make more efficient use of wider 
spacing. They found that the major way that plants responded 
in yield to wider spacing was through the production of addi­
tional branches. Branching was also determined by photoperiod 
since branching primordia occurred only at nodes below the 
first flowering node and the position of the first flowering 
node was determined by the response of the plant to photoperiod. 
However, it must be remembered that, although Hinson and 
Hanson (I962) reported significant spacing x variety inter­
actions, they were dealing with a great range (2 to 32 inches) 
of plant spacings at one particular row spacing (38-inch rows). 
Other authors (Cartter and Hartwig, I962) have shown that, 
within limits, adapted soybeans are able to make wide adjust­
ments to space. Soybean varieties of varying maturities show 
different spacing effects, Johnson and Harris (I967) found 
in Georgia that the later variety Bragg produced maximum yields 
at 2 plants per foot but the other varieties tested required 
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8 plants per foot. The effect was not based solely on matur­
ity since there was an even later variety, called Hardee, 
in the trials. 
Weber (1957) examined the effect of plant populations 
at 40-inch row spacing on yield selection. Essentially this 
trial was to test for any plant population by variety inter­
action and to determine if the commonly used practice of space 
planting to obtain more seed was satisfactory. Selection was 
practiced with lines adjusted for constant maturity, since 
selections from drill planting were later maturing. He con­
cluded that selection for seed yield in spaced or drilled rows 
was equally effective. 
Analysis of Yielding Ability 
Initially it was thought that yield could be explained in 
terms of yield components such as weight per grain, grains per 
ear, ears per plant and plants per acre. However, these char­
acters often showed negative correlations among themselves, 
Donald (1962) pointed out that, where any of these yield 
components did show significant correlations with yield, they 
did so because of a relationship with the rate of net photo­
synthesis. He, therefore, advocated considering plants in 
relation to the effectiveness of the carbon-fixing process, 
Tsunoda's series of analyses of yielding ability in dif­
ferent crops (1959a, 1959b, 1962) approached yield from a 
photosynthetic efficiency point of view, Tsunoda was primarily 
14 
concerned with factors in field crops that differentiated 
high responders to fertilizer from low responders. Although 
response to fertilizer was his criterion for study, his re­
sults apply directly to the study of yield response to narrow 
rows over wide rows, and the plant characters most desirable 
for wide and narrow rows. He pointed out that to obtain the 
greatest response to fertilizers, high stand densities were 
also necessary. 
Tsunoda (1959a) showed that in rice, soybeans and sweet 
potatoes, the advantages of developing a large leaf area were 
confined to varieties grown under low fertility. With moderate 
planting rates and high fertility, the varieties with a high 
leaf expansion rate could not result in a measurable increase 
in total dry matter production. These low responders to fer­
tilizer and density also showed a low harvest index under high 
fertility conditions. The high leaf expansion rate was an 
asset in wide rows or under low fertility because of increased 
efficiency of interception of light. However, under high 
fertility or narrow rows, the efficiency of utilization of 
solar energy was the important factor. 
Tsunoda (1959t>) showed that soybean and rice varieties 
adapted to high fertility tended to have smaller sized leaves 
than those adapted to low fertility. Under high fertility, 
smaller leaves allowed more equal distribution of light. He 
also pointed out that there were noticeable differences for 
rice (but not soybeans) in the direction and arrangement of 
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the leaves. Varieties adapted to low fertility tended to 
have horizontal leaves and a "dispersing" type of leaf arrange­
ment, while those adapted to high fertility had erect leaves 
and a "gathering" type of leaf arrangement. 
Tsunoda (1969b) related leaf area to leaf weight ratio 
with the high and low fertility responders in soybeans, sweet 
potato and rice. This ratio is particularly interesting con­
sidering the recent work with leaf density thickness (or 
specific leaf weight). Leaf density-thickness, which is the 
inverse of Tsunoda's ratio, has been shown to have a signifi­
cant correlation with the rate of net photosynthesis in soy­
beans and alfalfa (DomhoCf and Shibles, 1970; Pearce et al., 
1969). For simplicity, a high leaf areaileaf weight ratio or 
a low leaf density-thickness can be thought of as thin leaves 
or less dense leaves, and the opposite as thick leaves. 
Tsunoda showed that varieties adapted to low fertility tended 
to have thinner leaves and those adapted to high fertility had 
thicker leaves. As shown below, the leaf area to leaf weight 
ratio (A/w) is one of the main factors determining the leaf 
area ratio (LAR), which when multiplied by the net assimilation 
rate (NAR), gives an estimate of relative growth rate (RGR). 
A Wi A 
LAR » ^  where: = leaf dry weight 
W r= total plant weight 
A ns leaf area 
RGR " NAR i hMl 
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Hence, before the reproductive period, when leaf production 
Is of primary Importance, we would expect a high A/W ratio 
as determined by leaf density-thickness to be associated with 
a high growth rate. A high growth rate would be Important 
under conditions of low fertility or low plant population 
since early light interception is Important for yield. How­
ever, under high fertility or high population conditions, a 
high growth rate is not as important, and excess vegetative 
development may be detrimental to yield since all the light 
can be intercepted early. 
Tsunoda (I962) also showed that varieties adapted to low 
fertility tended to have longer but thinner stems and leaves. 
Partial lodging was often an advantage under low fertility 
since it helped the plant to spread out and intercept more 
light. Varieties adapted to high fertility conditions, however, 
needed shorter, thicker stems to increase the stsmdability under 
a lodging induetAg environment. 
Numerous other workers have related morphological char­
acters to photosynthetic efficiency. Rice has been a particu­
larly suitable crop in these studies. Matsushima et al. (1964) 
grew an erect leaved rice variety at wide and close spacing. 
They treated half the plants by attaching paper fasteners to 
the leaf tips causing them to droop. They found that the 
carbon assimilation was unaffected in the widely spaced plants 
with leaves drooping but was depressed 35^ in plants grown at 
close spacing. They concluded from their studies that short, 
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erect-leaved plants were desirable under high management con­
ditions. Jennings (1964a, 1964b), also working with rice, 
reached similar conclusions by comparing the high yielding 
.laponica varieties from the temperate regions with the low 
yielding Indlca varieties found In the tropics. The .japonica 
varieties have a history of being bred to respond to fertilizer 
and they Incorporate all the characters that Tsunoda's work 
correlated to fertilizer response. The indicas show all the 
characteristics of varieties adapted to low fertility and 
primitive agricultural conditions. They are leafy, tall, 
late and unresponsive to fertilizer—characters which are not 
disadvantages under primitive agriculture. Recent breeding 
has produced varieties of rice possessing the desirable long 
grain qualities of the indicas with the plant characteristics 
of the high responding .japonlcas, 
Donald (1968) summarizes this new physiological approach 
to plant breeding by describing the desirable physiological 
characteristics in terms of crop "Ideotypes". An "Ideotype" 
is a term used by Donald to describe model crop plants having 
characters that should be desirable from a physiological point 
of view. He recognized that the Ideotype could vary according 
to the density of the stand or other management conditions, 
and introduces the concept (developed in Donald, I963) that a 
successful crop Ideotype, under high management conditions, 
will be a weak competitor relative to its mass. This is be­
cause each Individual plant in the community will Interfere 
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less with Its neighbors, and the community will make maximum 
use of the resources of the limited environment in which it 
grows, Donald sees that by having an ideotype in mind when 
breeding, characters of the ideotype can be consciously brought 
together by appropriate crosses, and lines can be tested for 
yield in a positive way instead of a yield selection which is 
often random in nature in most programs. Without this con­
scious selection, the appropriate combinations of plant char­
acters might take too long to arise purely by chance, Donald 
cites cases where model characters such as semi-dwarf wheats, 
awns in cereals and erect foliage are already being used by 
breeders. 
In addition to the characters mentioned by Donald and 
other earlier workers, Donald (I968) advocates the use of 
single tillering in an ideotype for use In a high fertility 
environment with close spacing. Multi-culm plants often have 
sterile tillers and there is a consequent loss of water and 
nutrients, A plant with no tillers will have no internal 
competition between developing ears and young tillers. More 
of the carbohydrate produced can be used for head and grain 
production instead of unproductive tiller formation. With 
uniculm material, selection for head size should be more 
positive, since ear size will not be affected by Internal plant 
competition. Tillering is a characteristic often developed in 
response to certain management conditions. However, if there 
are inherent yield advantages for a variety under a different 
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set of conditions, it should be advantageous to change from 
accepted management conditions. 
There are a number of disadvantages inherent in ideotype 
breeding. It might be simpler to measure the one character, 
yield, under increased population, than to limit the amount 
of material that can be handled by measuring physiological 
characters. It would seem that in a large breeding program 
model characters would have to be easily measured, Pinlay 
(1969) is more concerned with the effect on the adaptability 
of the material in a breeding program by selecting for particu­
lar plant types. He claims that high yielding varieties can 
be obtained from a wide range of plant types and that selec­
tion for a particular type merely reduces the variability 
available, since there will be only a small number of varie­
ties showing the model characters, Finlay's arguments probably 
apply more to areas where extreme environmental variability 
makes adaptability breeding essential. However, in the main 
soybean areas of the United States the environment is much 
less variable than Pinlay's environment in South Australia, 
and high levels of production can be obtained over much of 
the area every year. Indeed, soybean varieties already have 
a very narrow gene pool (Thome, I969) and the present varie­
ties do not generally have the model characters being proposed 
by physiologists. Model breeding in soybeans would likely 
broaden the gene pool of adapted varieties if the variability 
for certain characters exists. 
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Experimental Evidence That Certain Canopies Are Desirable 
When considering the overall canopy, soybeans have been 
shown to utilize light Inefficiently. In a fully developed 
canopy most of the light Is Intercepted at the periphery of 
canopy. Sakamoto and Shaw (1967a and 1967b) used ozalid paper 
booklets to show that less than 10% of the light energy en­
tered deeper than 15 to 30 cm Into the soybean plant canopy. 
This Is reflected In the canopy photosynthesis they measured. 
The soybean community was light saturated at about 6OOO to 
6400 f.c. In the Initial flowering stage and at 5500 f.c. In 
pod formation. This meant that most of the photosynthesis 
occurred In the outer leaves since sunlight did not reach Into 
the canopy. The lower leaves that did not receive sunlight 
were eventually shed. 
Numerous studies in soybeans and other crops have shown 
beneficial effects of allowing more light to reach lower leaves. 
Johnston (I968) reported a seed yield increase of 17^ by adding 
supplementary light "by means of flourescent tubes to the lower 
leaves of a soybean canopy. The lower leaves were found to re­
spond in rate of net photosynthesis due to the added light. 
Johnston et al. (I967) and Pendleton et al. (I966) were able to 
demonstrate a 12% greater seed yield in soybeans by growing 
plants above a white plastic. From the same study reported in 
more detail (Johnston et al., 1969)1 they reported that "light-
rich" plants had more seeds, more nodes and a higher oil 
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content than normal plants but protein and seed size were 
decreased by adding light, Johnston and Pendleton (I968) 
also demonstrated that holding Amsoy beans upright increased 
seed yield 6,9^ compared to plants allowed to lodge naturally. 
On the other hand, Shaw and Weber (I967) consider that maximum 
light penetration occurred with a moderate amount of plant 
spread simulating a small but definite amount of lodging. 
The big questions in soybeans are whether it is possible 
to actually have light reach lower levels of the canopy under 
natural conditions and what type of canopies would allow this 
to happen, Nichiporovich (I96I) pointed out that dicotyle­
donous crop plants have most leaves arranged at small angles 
of inclination to the horizontal plane. He stated that this 
is a less advantageous leaf arrangement for high productivity 
during the period that plants are growing close together. 
People working with growth simulation or computer models 
(Duncan et al., I967 and Monteith, 19^5) showed advantages in 
net photosynthetic rate by raising the leaf angles of corn. 
Under low intensity light or before a large leaf area index 
was reached, horizontal leaves were of advantage. However, 
a plant community was able to develop a large leaf area index 
and to develop a higher photosynthetic rate by having leaves 
Inclined at steep angles. The upper leaves could still be 
light saturated while still allowing light to pass to lower 
leaves, 
Williams and Ngln Kwi Soong (I967) used a column with 
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cardboard leaves cut out and light shining through one end to 
illustrate how leaf properties can determine light penetration. 
They were able to vary artificially the angle of the leaf to 
incoming light, the vertical spacing or dispersion of leaves 
(i.e., leaf area density), the leaf size and shape and finally 
the reflection and transmission. They found that leaf angle 
had a much greater effect on light penetration than did leaf 
area density. They noted that canopies with vertical leaves 
illuminated more effective leaf area at midday, but canopies 
with horizontal leaves illuminated more leaves when the sun 
was at low angles. 
Interest in altering canopies to allow better light 
utilization is not something new. Boysen-Jensen (1932) 
stressed the Importance of shape of canopy and inclination 
of leaves in relation to light utilization and pointed out 
that dry matter accumulation of plants could differ according 
to the habit of the assimilation system even when there was no 
difference in either leaf area or photosynthetic efficiency. 
This indirect evidence of the effect of leaf angle is the main 
type of evidence available in dicotyledonous plants. The work 
of Watson and Witts (1959) is an example of research showing 
that the increased yield of Improved sugar beet varieties was 
due, not to better photosynthetic efficiency, but due to 
selection of sugar beet of improved form. However, their 
interpretation has been questioned because of possible "sink" 
effects. Also, Brougham (1958) explained the differences in 
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productivity or the leaf area index required to intercept 
95^ light as being due to "the orientation and shape" of 
leaves. That is, if more light could reach into the canopy 
because of smaller or upright leaves then the canopy would be 
able to maintain a higher leaf area index than canopies not 
having these leaf characteristics, 
Pearce et al. (I967) with barley presented some of the 
best evidence of leaf angle affecting photosynthetic rate. 
Flats of barley were grown at angles of 0, 30 and 60 degrees 
from the horizontal. When the flats were returned to the 
horizontal, it was possible to obtain flats with uniform leaf 
angles of 90» 53 and 18 degrees at different leaf areas. 
They found that vertical leaves had a higher photosynthetic 
rate and allowed more light to penetrate at higher LAI's 
than horizontal leaves. 
The next step is to show relationships of improved yield 
with improved penetration or with canopy characters that one 
would expect to be associated with improved light distribution. 
Pendleton et al, (I968) mechanically manipulated the leaves 
of a com hybrid into a more upright nature and obtained in­
creased seed yields. They were also able to show increased 
efficiency of COg fixation per unit of incoming light as the 
leaf angle decreased. Tanner et al. (I966) showed an associa­
tion between high yielding barley types and the narrow, upright 
leaf characteristics. These types did not reach full light 
interception quickly but they eventually reached a greater 
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leaf area exposed to sunlight and a higher rate of dry matter 
production. 
Williams and Ghazali (I969) were able to show a relation­
ship between high yielding clones of tapioca and deeply attenu­
ated leaf-lobes which tended to have a more vertical midday 
orientation. Low yielding clones generally had large, broad-
lobed leaves with more horizontal orientation. 
The evidence in soybeans concerning the desirability of 
open canopies Is still contradictory and open to different 
interpretation. Applications of the antiauxin TIBA (2,3,5-
trilodobenzolc acid) have given Increased soybean seed yields, 
particularly at high yield levels (Anderson et al., 1965; Hicks 
et al., 1967). The open canopy resulting from TIBA treatment 
has been used to partially explain the resulting yield increase. 
The antlauzln undoubtedly changes the canopy but it cannot be 
said unequivocally that the yield advantage is due to the 
antiauxin allowing better light penetration. Better carbohy­
drate partition might be the cause of Increased yields. 
Hicks et al. (I969) grew four different plant types in 
Clark and Harosoy genetic backgrounds in different planting 
patterns. While "narrow-leaf" isollnes did allow greater 
light penetration, there was no desirable effect on seed yield 
recorded. One would have expected any possible yield advantage 
of the narrow-leaflet to have shown up in the different plant­
ing patterns. However, in this experiment the different row 
spacings and plant populations did not show any significant 
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differences in yield. The use of isolines may lead to am­
biguity if unfavorable linkages are carried over during the 
formation of the isolines. In a study by Baker and Myhre 
(1969), canopy photosynthesis was measured in normal leaved 
cotton and a deeply lobed cotton called "okra leaf". No 
differences in net photosynthesis per unit of land area were 
detected between the okra and normal leaved types. It could 
be argued that the soybean or cotton narrow-leaved types 
did not give increased yield or photosynthesis, which was 
expected from the increased light penetration, because the 
canopies were not intercepting enough light. Higher plant 
populations should have given an advantage to the narrow-
leaved types. However, in the work of Hicks et al. (I969),  
the narrow-leaved soybean did not respond to higher plant 
populations. The narrow-leaved types probably needed better 
light penetration to give them a leaf area intercepting a similar 
amount of light as the normal-leaved types. The canopies of 
the narrow-leaved types were probably not better in intercept­
ing more total light than the other normal canopies. The 
narrow leaves probably had similar leaf angles as the normal 
leaved types. 
The major points emphasized in the review of literature 
are as follows; 
1. Soybeans grown in narrow rows yield more than soybeans 
grown in wide rows in the northern but not the south-
em areas of the United States. This is due mainly 
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to the determinate type plant in the south intercept­
ing most of the light energy before the reproductive 
period, while the indeterminate northern types are 
still not intercepting most of the light at the time 
of commencement of the reproductive phase. 
Since photosynthesis is the source of carbohydrates 
and eventually seed yield, the relative yield advan­
tages of wide and narrow rows depend on the effective­
ness of intercepting light energy and the efficiency 
of utilizing the intercepted light. 
Interest has been developed in explaining yield and 
yield response to high management environments, in 
terms of the efficiency of the carbon-fixing process. 
Morphological characters have been shown or hypothe­
sized to be associated with Improved photosynthetlc 
efficiency and, hence, yield. Evidence of relation­
ships between yield or yield response and morphologi­
cal characters has been better for cereals than di­
cotyledonous plants. 
There is evidence to suggest that different types of 
soybean plants are required for narrow row production. 
Soybeans that have been bred for wide row production 
produce excessive leaf area than that required for 
photosynthesis In narrow rows. However, the leaf 
production of these varieties Is probably not ex­
cessive for wide row production. 
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5. Although few statistical genotype x row spacing in­
teractions have been reported for yield or other 
morphological characters in soybeans, there seems 
little doubt that they exist. Different responses 
of varieties to narrow rows imply genotype x row 
spacing interactions. 
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MATERIALS AND METHODS 
Genetic Material and Test Procedure 
Genetic material 
Lines of soybeans from 3 crosses selected to differ in 
canopy characteristics were grown in 2 row spacings and 3 
plant populations in I968 and I969. The effect of plant 
canopy characteristics on seed yield under these row spacing 
and plant population managements and the effect of these char­
acters on yield response to narrow rows were examined. 
The soybean lines used in this study were derived from 
the following crosses: 
Cross Parentage 
1 Wasedalzu No, 1 x Chippewa 
4 Wasedalzu No. 1 x Harosoy 63 
7 Harosoy 63 x Chippewa 
Wasedalzu No. 1 is a Japanese soybean variety unadapted 
to Iowa (PI 261469), while Chippewa and Harosoy 63 are varie­
ties adapted to Iowa. All lines used in this study had an 
indeterminate growth habit. 
Single F2 plants of crosses 1 and 4 were selected in 
1962 and grown as progeny In rows in I963. Seed from 5 
plants were bulked to grow P^j, rows in 1964. One random 
Pj^ plant was selected to carry each line into the P^ genera­
tion which was grown in I966. Cross 7 was one generation be­
hind crosses 1 and 4 in each year. The P^ (for cross 7) and 
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Fg bulk rows were grown at the Agronomy Faim near Ames in 
1967• No selection for plant type or yield had been carried 
out on any of the crosses. The crosses were a part of a seed 
quality study and all 100 random lines of each cross were used 
each generation. In I967, 2 single plant selections were made 
from selected rows. Selection was aimed at obtaining lines of 
similar maturity of four different canopy types; tall open, 
tall closed, short open and short closed. This selection could 
be described as stratified random sampling. Seed was sent to 
Chile in 1967-1968 for winter increase and the harvest from 
the Chile plantings was used for the experimental plantings 
on the Agronomy Farm, Ames, Iowa, in I968. Only one of the 
single plant selections from each family row was used in the 
replicated trial of I968, while seed of the other plant was 
increased in case of poor selection for maturity and canopy 
type. Storm damage in I968 caused the abandonment of some 
lines and the number of lines analyzed were 20, 22 and 21 
lines for crosses 1, 4 and 7, respectively. 
In 1969. the lines were basically the same as in I968 
(In Fg or F^ generation). However, some lines had to be dis­
carded because of segregation for maturity. Some lines were 
used that had not been Included in the I968 analyses because 
of missing plots. In I969, there were 17, 22 and 26 lines, 
respectively, for crosses 1, 4 and 7. 
It was known that maturity has an effect on plant and 
canopy characteristics, and, hence, it was considered desirable 
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to have lines of similar maturity. Although extremes of 
maturity were eliminated, a range of maturity still existed 
in the lines eventually used in I969. The harvest maturities 
of the 3 crosses are summarized in Table 1. 
Table 1. Mean and range of harvest maturities (days from 
emergence—May 26, I969) for lines in the three 
crosses 
Cross 
Number 
of lines 
1969 Mean Range 
1 17 108 105 to 113 = 8 days 
4 22 112 103 to 122 = 19 days 
7 26 114 106 to 121 = 15 days 
Hark 118 
In both years the commercial variety, Hark, was chosen 
as a check. Hark is recommended for the northern areas of 
Iowa, but it Is one of the highest yielding varieties in 
narrow rows in central Iowa (Clark et al., I969). It has what 
is considered to be an open canopy. 
Test procedure 
In the randomized block split-split plot design used, row 
spacings of 40- and 12-inch rows were the main plots. Plant 
populations were the first split and lines were the second 
split. The plots in ^O-lnch rows consisted of 3 rows with 
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only the center row harvested. Five rows were planted for 
each 12-lnch row plot and only the 3 center rows harvested. 
In 1968, all plots were 9 feet long and plots were end trimmed 
so as to harvest 24 square feet of plot area from both types 
of row spaclngs. In I969, more seed was available, so the 
plots were lengthened to I6 feet, with 42 square feet of plot 
area harvested. Table 2 lists the plant populations planned 
In both years. 
Table 2. Desired plant populations In I968 and I969 
Plant population 40-lnch rows 12-lnch rows 
(plants/acre) plants/foot plants/foot 
1 = 87,000 6.5 2 
2 = 174,000 13 4 
3 - 260,000 20 6 
In 1968, except for the lowest plant population, no thin­
ning was practiced but all plots were overplanted a small amount 
to allow for natural loss. This might have been adequate con­
sidering the results obtained for plant populations in I969, 
but the hall storm In I968 caused losses which made the final 
stands lower than planned. 
Uniform plant populations were obtained in I969 by over-
planting and thinning to the desired plant population. Plant 
populations were very close to those listed In Table 2. 
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One of the main disadvantages of narrow row soybeans Is 
the weed control problem. Herbicides were used in both years; 
amiben was applied preemergence in I968, and in I969 tri-
fluralin was incorporated preplant. Tractor cultivation was 
impossible in 12-inch rows and so all additional weed control 
was carried out by hand. Forty-inch rows were cultivated 
inter-row by tractor about 3 times each season and were weeded 
intra-row by hand. It was recognized that this would be an 
uncontrolled variable but, because of the size of the experi­
ment (approximately k acres in both years), there was no real 
alternative. 
The experiment was conducted on the Agronomy Farm, Ames, 
Iowa, in 1968 and at a farm about 3 miles north of this loca­
tion in 1969. In both years, the experiment was planted in 
the Clarion-Nlcolette-Webster soil association. In I968, 80 
pounds per acre of 0 Ng - 80 - 80 KgO fertilizer was 
applied and, in I969, 100 pounds per acre of 0 N2 - 80 -
80 KgO fertilizer was used. 
Measurements 
One of the alms of the study was to Identify plant char­
acters useful to the plant breeder interested in breeding soy­
beans for narrow row production. Since the breeder has to 
handle large populations, any character associated with his 
alms must be recorded quickly. Therefore, a detailed descrip­
tion of the canopy was not attempted but rather, measurements 
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were taken that were relatively fast to take and could possibly 
be of use for selection. Table 3 gives a list of measurements 
recorded in I968 and Table 4 lists those measured In 1969» 
Measurements are also discussed Individually. 
Leaf measurements 
A terminal leaflet from one particular trlfollolate leaf 
of a plant was chosen to characterize the leaflet dimensions 
of each line. Eight terminal leaflets were measured from dif­
ferent plants In each plot. The terminal leaflet of the third 
or fourth unrolled leaf from the top of the plant was used, 
mainly because it would be fully expanded and could be easily 
identified on the plants for measurement. Although there was 
little evidence, it was hoped that the third or fourth leaf, 
which are usually the uppermost leaves, would be of primary 
significance in influencing light penetration into the canopy 
and would be important in significantly characterizing the 
canopy. Visual observation seemed to indicate an association 
between small leaflet size, angle of inclination of the leaf, 
and light penetration. Johnston et al, (I969) have associated 
more light on the lower portions of the canopy with higher 
yields in soybeans. 
In both years, the length and width of terminal leaflets 
from 8 random plants per plot were measured. The average 
length X width was calculated per plot to give an approxima­
tion of leaflet area, although this could be in error if the 
Table 3. Soybean plant characters studied In I968 
Type of measurement Measurement Abbreviation 
1. Leaf 
2.  
3. Reproductive 
4. 
5. 
6 .  
7. Canopy or plant 
8 .  
9. 
10. 
11. 
12. 
13. 
1^, Seed 
15. 
16. Hall 
Length, width of terminal leaflet 
July 15-22 
Length, width of terminal leaflet 
August 13-21 
Beginning bloom (days from June 1) 
Beginning seed (days from June 1) 
Physiological maturity (days from June 1) 
Harvest maturity (days from June 1) 
Width of canopy at widest point in 
^0-inch rows (cm.) 
Canopy height (cm.) 
Canopy rating 
Canopy lodging 
Canopy height (cm.) 
Height at maturity (cm.) 
Lodging at maturity 
Seed yield (gm./plot) 
Seed size (gm./lOO seeds) 
Hall damage ratings July 3-5 
August 12 
August II - I3  
August 14 
August 21-22 
L, W 
L, W 
BB 
BS 
PM 
HM 
C, width 
C. hgt. 
CR 
C. Idg, 
C. hgt. 
PI. hgt. 
PI. Idg. 
SY 
SS 
Table 4. Soybean plant characters studied In I969 
Type of measurement Measurement Abbreviation 
1« Leaf 
2.  
3. 
4. 
5. 
6 .  
7. Reproductive 
8 .  
9. 
10. 
11. Canopy or plant 
12. 
13. 
14. 
Length, width of terminal leaflet (cm.) L, W 
July 21-22 
Area of fourth leaflet (om,%) LA early 
July 21-22 
Dry weight of terminal leaflet (gm. ) 
July 21-22 
Length, width of terminal leaflet (cm.2) L, W 
August 13-14 
Area of fourth terminal leaflet (cm.%) LA late 
August 13-14 
Dry weight of fourth terminal leaflet (gm. ) 
Beginning bloom (days from emergence) BB 
Beginning seed (days from emergence) BS 
Physiological maturity (days from emergence) PM 
Harvest maturity (days from emergence) HM 
Light Interception {%) July 14-16 LI early 
Light interception {%) August 17-21 LI late 
Canopy rating July 22-24 CR early 
Canopy rating August 14 CR late 
Table 4. (Continued) 
Type of measurement Measurement Abbreviation 
15. Canopy width In 40-lnGh rows (cm.) C, width 
July 29-31 
16. Canopy height (cm,) July 29-31 C. hgt. 
17. Canopy lodging August 12 C. Idg. 
18. Height at maturity (cm.) PI. hgt. 
19. Lodging at maturity PI. Idg. 
20. Branching rating at maturity Br. 
21. Seed Seed yield (gm./plot) SY 
22. Seed size (gm./lOO seeds) SS 
23. Calculated Leaf density thickness (gm./dm.^) LDT 
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correction factors to convert to true leaf area differed 
between lines. In I969, the same leaflets that were 
measured for length and width Mere used to measure area by 
a Paton electronic light planimeter. There was a high cor­
relation (.87**) between the two methods of estimating 
leaflet area. The average leaflet length divided by width 
was also calculated per plot to provide a description of 
relative changes in length to width or the shape of the 
leaflets. In both years, an early and a later (approximately 
one month interval) measurement were taken to characterize 
the leaflet dimensions of the lines since there was a change 
in the dimensions of leaflets with approaching maturity. 
In 1969, the leaflets from each plot were harvested into 
plastic bagsI the plastic bags contained moistened napkins 
to prevent leaflet wilting. The bags were stored in ice 
coolers in the field until they could be stored in a refriger­
ated room. The leaflets were measured in the laboratory for 
length, width and leaflet area. The leaflets were then oven 
dried and the dry weight recorded. For each plot the leaf 
density-thickness was calculated by dividing the leaflet weight 
(in gm. ) by leaflet area (in cm.). Domhoff and Shibles (1970) 
reported a significant relationship (ra,71**) between leaf 
density-thickness and leaf net photosynthesis rate in soybeans. 
Although it was not known whether the lines in this study dif­
fered in net photosynthetic rate, the possibility of any re­
lationship between seed yield or yield response and leaf 
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density-thickness was explored. 
Reproductive 
Reproductive measurements were recorded by expressing 
the number of days from a fixed date to the particular stage 
of development. Days from June 1 were recorded in I968 and " 
days from emergence (May 26) in I969. The reproductive stages 
of the plots were checked about every 2 or 3 days. All plots 
were checked for all reproductive stages in I968. In I969, 
all plots were checked for physiological and harvest maturi­
ties but data was recorded on one replication in 40-inch 
rows (3 populations) only for beginning bloom and beginning 
seed, since lines showed little replication effect. 
A plot was considered to have reached beginning bloom 
(BB) when 50^ of the plants in the row had at least one flower. 
Similarly, beginning seed (BS) was recorded when 50^ of the 
plants in a row had a pod showing visible seed formation. 
Physiological maturity (PM) was recorded when $0$ of the 
leaves in a row were yellowing and pods were beginning to turn 
yellow. Physiological maturity is considered more meaningful 
by physiologists than the commonly measured harvest maturity 
since it signifies the cessation of photosynthesis. 
Harvest maturity (HM) was considered to be when 95^ of 
the pods in a row were brown and all the leaves had abscissed. 
The length of the seed filling stage for each plot was 
calculated by subtracting beginning seed from the date of 
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physiological maturity (PM-BS). Similarly, the total repro­
ductive stage length was calculated by the difference between 
physiological maturity and beginning bloom (PM-BB). The 
averages of the three plant populations were used for all 
lines in the cases of beginning bloom and beginning seed in 
1969 since the plant populations differed little. 
Canopy or plant management 
A visual canopy rating (CR) from 1.0 (open) to 0 
(closed) was used to give a rating of the openness to light 
of the canopy. The amount of light entering the canopy was 
the criterion for the rating. The rating was made once in 
1968, but in 1969 an early and a late measurement was made. 
Canopy width (C. width) was measured in ^0-inch rows 
by holding a board, marked in centimeters, at one end of a 
plot and person at the other end of the plot estimated the 
width between the 2 extremities of the canopy profile. 
Canopy height (C. hgt.) was measured from the ground to 
the end of the petiole supporting the top leaf of the canopy. 
A number of plants were measured in each plot and a mean 
height estimated. 
The amount of light that the canopy of each plot inter­
cepted (percent light interception or LI) was estimated from 
the shadows and light flecks on the ground. These measurements 
had to be made on sunny days during the time period an hour 
and a half either side of solar iioon (Approx. 1:15 p.m. 
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Central Daylight Time). In 1969, 2 measurements of light 
interception were made so as to correspond approximately with 
the time that leaflet measurements and canopy ratings were 
made. No light interception measurements were made in I968 
because of the hail damage to the plots. 
Estimates of canopy and plant lodging (C. and PI. Idg.) 
were made by visually rating lodging on a scale 1.0 (all 
plants erect) to $.0 (all plants prostrate). Plant lodging 
was measured at harvest maturity, while canopy lodging was 
measured about 2 weeks before physiological maturity. 
Plant height (PI, hgt.) was measured (in cm.) at harvest 
maturity by the distance from the ground to the tip of the 
plants. A number of plants (3 to 5) were measured and a mean 
used for the height of the row. 
An estimate of plant branching (Br.) was taken at maturity. 
No counts were made, but a visual estimate was taken. Plots 
with most of the plants having no branches were rated 1. Each 
branch added one unit to the score. Hence, a rating of 3 for 
a plot indicated that, on the average, plants in the plot had 
2 branches. Branching was recorded only in 19^9• 
Seed 
Seed yield was measured in grams per plot on seed alr-
drled to a uniform moisture. 
Seed size was measured as the weight in grams per 100 
seeds. Two random samples per plot of 100, clean, whole seeds 
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were used for the estimate. 
Statistical Techniques 
Design 
In both 1968 and I969, a randomized block split-split 
plot design was used. Row spacings were the main plots, 
plant population the first split and lines the second split. 
Each cross was treated as a separate design. In I968, 3 
replications were used; in 19^9» to enable the plot size to 
be increased, only 2 replications were used. Because of the 
factorial nature of the experiments, there were still more 
than adequate degrees of freedom for testing the sub-plot 
treatments and interactions, which were of main interest. The 
model design was: 
?ijkl = u + Ai + Bj + (ABj^j) + C% + BCjk + 
(ACik + ABCJ^jjj) + + BDji + CD%i + BCDj%i + 
(ADii + ABDiji + ACDiki + ABCD^jki) 
where A, B, C and D represent replications, row spacings, plant 
populations and lines, respectively. All are fixed effects 
except lines, which are random effects. Terms inside 
brackets represent the error terms to be used for those 
main effects and interactions immediately preceding them. 
Three error terms are necessary because of the split-
plot nature of the design. 
A modification of the above model was used to analyze the 
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variability for the calculated variable, yield response; 
= u + Aj^ + Cjj. + (AC^^) + + (^il ^^^ikl) 
The terms have the same meaning as above, except the analysis 
tests the character, yield response, which incorporates varia­
bility from both 12- and 40-inch row plots. The error terms 
in the above models illustrate that the comparisons in the 
early splits have few degrees of freedom associated with their 
error term and, hence, do not have great precision. The final 
split comparisons have many degrees of freedom associated with 
their error term and, hence, the F tests are able to distin­
guish smaller differences. 
Regression and correlation 
Line means of all characters were used in all correlation 
and regression work. There were virtually no lines x plant 
population interactions, but there were interactions between 
lines and row spacings (see Results). Hence, a separate line 
mean was obtained for 12-inch and for 40-inch rows. Correla­
tions between characters for each cross were made within row 
spacing managements. 
Multiple regression models were fitted using yield in 
12-inch rows, yield in 40-inch rows and yield response as 
dependent variables. The aim was to examine the effective­
ness of characters measured in 12-inch or in 40-inch rows in 
explaining the dependent variable and to estimate the relative 
Importance of the characters in the different models. At 
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first, some form of reduction of variables In multiple re­
gression analyses, such as sequential fitting or the forward 
or backward solutions, was contemplated to obtain optimum 
regression models. A number of reasons precluded such an 
approach. There were 3 crosses or populations of lines in 
the study and each cross would have required a different op­
timum regression model. The nature of the variability in the 
material, due to maturity differences, presented some difficul­
ties with the multiple regression interpretation. Therefore, 
instead of aiming for optimum regression models for each 
cross, models common to each cross were fitted to the material. 
Multiple regression models were also fitted with canopy rating 
as the dependent variable and characters likely to Influence 
canopy rating as independent variables. This was a means of 
determining what plant characters were considered to be im­
portant by the observer making the canopy ratings. 
Since line means were used in the multiple regression 
models, the error term in the regression analysis of variance 
for each model was really the term due to lack of fit of the 
model. Since this was not an appropriate test for the regres­
sion using line means, the F test to calculate the significance 
of the regression model consisted of the weighted regression 
mean squares and the error mean squares obtained for the main 
analysis of variance of the dependent variable for that par­
ticular model. The weighted regression mean squares was ob­
tained by multiplying the regression mean squares by the number 
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of observations that made up each line mean. This was 
necessary to make the regression and the error mean squares 
comparable in degrees of freedom, 
Heritability 
Heritabilities for leaflet dimensions between I968 and 
1969 were calculated using the b' estimate (Prey and Homer, 
1957). This method is the regression coefficient calculated 
on data expressed in standardized units and it is equivalent 
to the simple correlation coefficient. Leaflet length x 
width was used as an approximation of leaflet area since 
leaflet area was only measured In I969, but LxW was measured 
in both years and the heritability of this character was 
estimated. 
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RESULTS 
1969 Data 
The mean squares of the I969 analyses are presented in 
Appendix Tables 45. 46 and.4?. 
Row Bpacings 
Despite the low power of the P-test, significant differ­
ences (5^ level) between row spacings were found in at least 
one or more crosses for yield, early and late light intercep­
tion, branching, plant height and early leaflet area. Crosses 
not having significant row spacing differences for any of 
those characters mentioned usually had large F values that 
would be significant at the 10^ probability level. 
Table 5 summarizes the mean yields of 12- and 40-inch row 
spacings in 1969* Twelve-inch rows had much higher yields than 
40-inch rows. The average yield responses (percent advantage 
of 12-inch rows over 40-inch rows) for crosses 1, 4 and 7 were 
42, 36 and 36#, respectively. Although these responses were 
quite high compared to previously reported yield advantages of 
narrow rows, the check variety, 'Hark', also showed a high re­
sponse of 43.99S. A 21,1# yield advantage of 27-inch rows over 
40-inch rows was reported for 'Hark' in the I969 Iowa Soybean 
Yield Test (Clark et al., 1969)* The narrow row yields re­
ported here were for 12-inch rows and this could be a part of 
the reason for the higher yield responses than the I969 Iowa 
Table 5* Means of plant characters in 4o- and 12-inch rows of 3 crosses in 1969 
Cross 1 Cross 4 Cross 7 
40-in. 12-in. Sig/ 40-in, 12-in, Sig, 40-in. 12-in. Sig. 
Yield (bu,/A) 30.6 43.1 a 33.5 45.2 a 39.3 53.2 
PM (days) 94.6 94.8 97.2 98.0 99.3 100.1 
HM (days) 107.4 108.3 111.8 112.8 113.2 113.8 
PM-BB (days) 48.0 48.2 51.8 52.6 58.3 59.0 
PM-BS (days) 30.6 30.8 32.8 33.6 37.9 38.6 
L/W early 1.602 1.593 1.631 1.631 1.659 1.652 
L/W late 1.776 1.799 1.936 1.952 1.878 1.889 
LA early (cm.2) 273.8 328.6 * 294.7 339.3 * 306.9 377.8 a 
LA late (cm.2) 218.0 185.2 310.4 217.0 225.2 233.4 
LOT early .398 .394 .375 .387 .396 .390 
LDT late .630 .828 .618 .615 .690 .670 
LI early (%) 47.5 86.5 ** 37.8 74.9 a 48.3 89.3 « 
LI late (^) 90.6 97.7 a 92.0 97.8 ** 94.2 97.8 
CR early 2.8 2.7 2.5 2.7 2.6 2.8 
CR late 3.0 3.2 2.9 2.8 3.0 2.8 
C. Idg, 3.9 3.6 3.6 3.4 3.2 
PI. hgt. (cm.) 90.6 100.7 a 95.4 106.6 a 94.2 102.2 * 
PI. Idg. 3.1 3.2 2.8 3.0 2.5 2.6 
Br. 2.7 3.8 a 2.7 3.7 * 2.1 2.6 
SS (gm./lOO seeds) 12.5 13.1 13.6 14.4 a 15.5 16.1 
s= significant at the 10% level; * and ** significant at 5% and 1% level, 
respectively. 
47 
Test. Shibles and Weber (1966a) had their highest yield re­
sponse for narrow rows (33^) with the variety Hawkeye in 10-
inch rows. Hark is a particularly high responder to narrow 
rows. In the 1969 Iowa Test, Hark had a yield response four 
to ten times that of Amsoy or Wayne, respectively, in Central 
Iowa. 
The higher yields obtained in narrow rows have normally 
been quoted (Probst, 19^5) as being due to higher number of 
seeds rather than greater seed size. In this study, there was 
a consistent pattern for all 3 crosses to have larger seeds in 
12-inch rows. The narrow row advantages for crosses 1, 4 and 
7 were 4.8#, 5*9% and 3*9#, respectively. However, these dif­
ferences were not significant and so the higher yield of 
narrow rows was probably due to more seeds rather than larger 
seeds. 
There were large advantages for 12-inch rows in early 
light interception. The date of the early light interception 
estimate approximated the beginning bloom stage. At the 
later measurement (about a week before physiological maturity), 
12-inch rows still had an advantage but it was much smaller 
than at the earlier measurement. These differences are sum­
marized in Table 6. The more uniform plant distribution (plant 
populations were the same) enabled the canopies in 12-inch rows 
to "close over" much earlier in the season than wide rows. 
They intercepted light energy which would be lost to the bare 
ground area of the wide rows, whose plants would not cover the 
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Table 6. Percentage increases of 12-inch rows over 40-inch 
rows for early and late light interception (LI) 
measurements of crosses 1, 4 and 7 in 1969 
Time of LI % advantage of 12-inch rows 
measurement Cross 1 Cross 4 Cross 7 
July 14-16 82.1 98.1 84.9 
August 17-21 7.2 6.3 3.8 
inter-row spaces until later in the season. At the later 
measurement, the 40-inch canopies were at about their maximum 
cover for the season. At the date of the later light intercep­
tion measurement, lines in 40-inch rows, particularly in 
crosses 1 and 4, were not intercepting as much light as in 
narrow rows. Hence, on the average, the lines in 40-inch rows 
had a disadvantage compared to 12-inch rows, over the whole 
season in the amount of light they intercepted. 
Lines were taller in 12-inch rows than in 40-inch rows 
for all 3 crosses. There was more branching in 12-inch rows. 
(Table 5). 
In all 3 crosses and in each row spacing, the terminal 
leaflet produced later in the season was smaller and relatively 
narrower (higher L/W) than at the first measurement (Table 5). 
These measurements quantify the commonly observed "opening" of 
the canopy with approaching maturity. 
The mean percent decreases in leaflet area between the 
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early and later measurements were greater for the narrow 
rows than the wide rows (Table ?)• 
Table 7« Percentage decrease in leaflet area (terminal leaf­
let of fourth trifoliolate from top) between July 
21-22 and August 13-14, 1969 for 3 crosses grown in 
12- and 20-inch rows 
% LA decrease over time 
40-in, rows 12-in. rows 
Cross 1 20.3 43.6 
Cross 4 28.6 36.0 
Cross 7 26.6 38.2 
Table 8 presents the differences between row spacings for 
leaflet area in the 3 crosses. All crosses showed a trend of 
producing larger leaflets in 12-inch rows. This was most 
noticeable for the early leaflet measurement, while leaflet 
sizes later in the season were similar in the 2 row spacings. 
There were significant row spacing differences for leaflet 
area (at either 5% or 10% level) for all 3 crosses at the early 
measurement» but leaflet area differences at the second measure­
ments were not significant. 
Row spacings showed no significant differences or apparent 
trends for leaflet shape as indicated by leaflet length divided 
by width (L/W). 
^ There were not significant differences in leaf density-
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Table 8. Percentage change of mean leaflet area (LA) of 
12-inch rows over 40-inch rows for the 3 crosses 
at 2 measurements in 1969 
Date of leaflet % LA change from 40- to 12-inch rows 
area measurement Cross 1 Cross 4 Cross 7 
July 21-22 20.0 15.1 23.1 
August 13-14 -15.0 3.1 3.6 
thickness between row spacings, but there were considerable 
differences between early and late measurements (Table 5) 
with leaves having greater density-thickness at the later date. 
Plant populations 
No significant differences in yield between plant popu­
lations were detected for any cross• The actual mean yields 
of the plant populations within any cross were remarkably 
similar (Table 9)» Many of the characters that one would have 
expected to influence yield, however, showed significant dif­
ferences between plant populations. 
Table 10 summarizes the differences between plant popu­
lations for early and late light interception. Just as the 
differences in light interception between row spacings were 
compared relative to the lowest light interception (^0-inch 
rows) in Table 8. Table 10 compares light interception rela­
tive to the plant population intercepting the least light 
Table 9* Means of plant characters in 3 plant populations 
for each cross 1969 
Cross 1 
P1& P2^ P3C Sig 
Yield bu./A 36.9 36.5 37.1 
PM days 94.8 94.6 94.8 
HM days 108.0 107.6 108.0 
PM-BB days 48.3 48.0 48.2 
PM-BS days 30.8 30.5 30.7 
L/W early 1.60 1.59 1.60 
L/W late 1.79 1.80 1.78 
LA early cm. 5 329 299 278 * 
LA late cm.^ 208 201 197 
LDT early .40 .40 .40 
LDT late .78 .72 .68 * 
% LI early 59 68 74 ** 
% LI late 94 94 95 
CR early 2.8 2.7 2.8 
CR late 3.1 3.1 3.1 
C. Idg, 3.3 3.8 4.2 
PI. hgt. cm 94 96 97 
PI. Idg. 2.7 3.2 3.5 ** 
Br. 4.2 3.1 2,4 
SS gm./lOO seeds 13.0 12.7 12.7 
®P1 = 87,000 ppa, 
^P2 = 174,000 ppa, 
°P3 = 260,000 ppa. 
7* and ** a significant at 5^ and 1^ level, 
respectively. 
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Cross 4 Cross 7 
PI P2 P3 Sig. PI P2 P3 Sig. 
39.0 39.6 39.3 46.9 46.8 45.0 
98.1 97.2 97.5 * 100.3 99.7 99.2 * 
113.0 111.5 112.2 * 114.1 113.7 112.6 * 
52.8 51.9 52.1 « 59.3 58.6 58.1 
33.8 32.9 33.1 * 38.9 38.2 37.7 
1)63 1.63 1.63 1.66 1.66 1.65 
1,99 1.91 1.93 * 1.88 1.89 1.88 
339 317 295 * 373 339 315 * 
215 224 203 255 225 208 * 
.38 .38 .40 .39 .39 
.66 .59 .60 * .66 .70 .69 
49 57 63 «* 62 70 74 * 
94 95 95 * 95 96 97 * 
2.6 2.6 2.6 2.8 2.7 2.7 
2.8 2.9 2.9 2.6 3.0 3.1 * 
3.0 3.7 4.1 «* 2.6 3.4 3.9 «* 
99 101 103 97 98 97 
2.4 2.9 3.3 ** 2.0 2.6 3.0 ** 
4.1 3.0 2.4 ** 3.3 2.2 1.5 ** 
14.0 14.1 13.9 15.8 16.0 15.7 
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Table 10. Early and late light interception differences be­
tween plant populations for 3 crosses in I969, 
expressed as percent differences relative to the 
lowest plant population 
Cross 1 Cross 4 Cross 7 
LI measurement P3-P1& P2-P1 P3-P1 P2-P1 P3-P1 P3-P1 
July l4-l6 25.2 15.6 30.0 16.8 18.8 13.0 
August 17-21 1.1 1.0 1.2 .9 1.7 1.0 
^P1 = 87,000 plants per acre; P2 = 174,000 ppa; P3 = 
260,000 ppa. 
(PI = 87,000 ppa). The light interception differences be­
tween plant populations were small compared to the differences 
between row spacings. However, the differences between popu­
lations were significant. Like narrow row spacings, high 
plant populations tended to intercept more light early in the 
season, but there was little difference between plant popula­
tions later in the season. 
The leaflet area decreased with increased plant popula­
tions with the differences being most marked at the early 
measurement (Table 9). The plant populations differed sig­
nificantly in early leaflet area but, except for cross 7, the 
differences for late leaflet area were not significant. 
There were no apparent trends in leaflet shape as indicated 
by leaflet length divided by width (L/W), although L/W late 
for cross 4 did show a significant difference between plant 
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populations for a reason not obvious. 
There was a non-significant trend for plant height to be 
greater in higher populations. However, this plant height 
was measured at harvest maturity. Early in the growing season 
plants in higher plant populations were taller. 
Higher plant populations lodged and branched significantly 
more than lower plant populations. 
Lines 
The analyses of variance showed that all characters were 
significantly different Af/ong lines. That is, each cross had 
genetic variability f r each character measured. Individual 
line means are reciù Appendix Tables 4 to 6. 
Plant population x interactions 
Somewhat surprisingly, there were virtually no significant 
plant population x line interactions. Exceptions were late 
canopy rating in cross 1 and early leaflet area in cross 4—a 
total of 2 interactions of over 60 analyses. 
Row spacing x lines interactions 
These interactions were of particular interest. Signifi­
cant row spacing x line interactions indicate that lines per­
form differently when measured in 40-inch rows than when 
measured in 12-inch rows. There were significant interactions 
for seed yield in crosses 1 and 4 but not for cross ?. That 
is, interactions were found for crosses involving an unadapted 
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parent but not for lines derived from a cross of two adapted 
parents. 
A pattern similar to yield was observed for lodging and 
height} crosses 1 and 4 showed significant row spacing x line 
interactions but none was detected for cross 7. 
Significant row spacing x line interactions for repro­
ductive characters were probably not too meaningful. Time of 
harvest maturity did not show interactions for any cross de­
spite the interactions for physiological maturity. Estimates 
of time of physiological maturity were probably measuring 
something different in 40-inch and 12-inch rows. Physiologi­
cal maturity was defined to be when 50?^ of the leaves were 
yellow and pods were beginning to yellow. However, most of 
the bottom leaves were lost early in 12-inch rows and the leaf 
yellowing was based more on the top leaves, as opposed to 
40-inch rows where older leaves were involved because wide 
rows retained lower leaves longer. Some lines maintained 
chlorophyll longer in the top leaves than other lines. 
Row spacing x line interactions are important in the con­
sideration of yield responses to narrow rows and they will be 
considered in more detail in the Results section dealing with 
yield response. 
Row spacing x plant population x lines interactions 
Second order interactions involving row spacings, plant 
populations and lines were virtually absent; only 2 out of over 
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60 character analyses showed such interactions. The excep­
tions were leaf density-thickness in cross 1 and leaflet 
length divided by width in cross ?. 
Coefficients of variation for 1969 analyses 
Coefficients of variation were calculated on each char­
acter for plant population whole plots and lines subplots. 
These values are presented in the analyses of variance tables 
(Appendix Tables 4^- 4?). The standard deviation for yield 
expressed as a percent of the mean for subplots was about 
for each cross, which was quite satisfactory. Very low 
coefficients for reproductive measurements were an indication 
of the accuracy with which these characters could be measured. 
Although still satisfactory, leaflet area measurements had 
high variability in relation to the mean. This could be 
attributed to variability in the actual leaflets measured, 
which showed considerable plant to plant variability. The 
planimeter used for measuring leaflet area could also be a 
source of error. In general, measurements that involved 
visual estimates, such as canopy rating, lodging and branching, 
had high coefficients of variation. However, light intercep­
tion, which was also visually rated, could be estimated with 
low variability. This could be due to either the ease of 
recognizing the character by the light flecks in the shadows, 
or possibly because the actual variability among lines was low. 
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Differences among crosses 
The 3 crosses differed greatly in their yielding ability. 
The mean yield performance of cross ? was 25 and 17^ higher 
than crosses 1 and 4, respectively. The small seededness of 
the imadapted parent, Wasedaizu, was reflected in the lines of 
crosses 1 and 4. The means for seed size of crosses 1 and 4 
were 13 and 23#, respectively, smaller than cross 7» If the 
seed sink was a limiting factor, much of the yield advantage 
of cross 7 could be explained by larger seeds. Cross 7 also 
had advantages in other characters that one would expect to 
give a yield advantage. The average number of days from 
emergence to physiological maturity for crosses 1, 4 and 7 
were 95» 98 and 100 days, respectively. The mean yield pattern 
of 37» 39 and 46 bushels per acre followed a similar trend 
for the crosses. Cross 7 intercepted more light early in the 
season, it had less lodging and branching. In other words, 
cross 7 showed in its yield advantage and other characters the 
advantages of adapted parents. 
1968 Data 
Unfortunately, much of the material was badly damaged by 
a severe wind and hail storm early in the season (June 29). 
Many plots had to be abandoned because of the plants lost, but 
plants remaining recovered quite well. There were 5 types of 
hail damageI death, leaf loss, loss of the terminal apex, stem 
bruising and stem breakage. Leaf loss seemed to be relatively 
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unimportant, but the other types of damage affected many of 
the characters measured. For example, breakage and loss of the 
terminal apex caused profuse branching which affected canopy 
height and width# Stem bruising caused increased lodging in 
the material. Maturity of many of the plots was also affected. 
Analyses were conducted using only lines that had no 
missing plots. Yield was not statistically analyzed and analy­
ses of variance are presented only for those characters thought 
not to be influenced much by the storm damage. After abandon­
ing material, there remained 20, 22 and 21 lines for crosses 1, 
4 and 7, respectively. Analyses were made on some plant char­
acters (Appendix Tables 51 to 53)# and the leaflet data sup­
ported the data obtained in 1969* Table 11 summarizes the 
means obtained for the characters analyzed. The data in 1968 
is not directly comparable with the I969 data for two reasons. 
Firstly, although many of the lines were the same in 1968 and 
1969, there was not a complete correspondence of lines in 
the two years. Secondly, the hail damage in 1968 made that 
season and the subsequent plant development quite different 
from the 1969 season. Since I969 was a fairly normal season, 
most of the emphasis in the presentation of the data will be 
on the 1969 results although 1968 data will be presented where 
possible. The leaflet data, in particular, for 1968 was quite 
useful. 
As in 1969» there were no interactions between lines and 
plant populations and no second order interactions. There 
Table 11. Means of plant characters for row spacing and plant population 
managements, crosses 1, 4 and 7, I968 
PM 
Cross Management (days) 
Pl.hgt. 
(cm. ) CR 
LxW 
early 
LxW 
late 
L/W 
early 
L/W 
late 
SS 
(gm./lOO 
seed) 
1 40-ln. 95 
12-ln. . 95 
Significance' ns 
65.0 
73.6 
ns 
2.8 
3.1 
ns 
5826 
6232 
ns 
4408 
4945 
ns 
1.478 
1.520 
ns 
1.674 
1.705 
ns 
12.6 
12.7 
ns 
PI 96 
P 2 95 
P 3 94 
Significance ** 
66.2 
69.5 
72.0 
** 
2.8 
3.0 
3.0 
** 
5879 
6098 
6119 
* 
4901 
4589 
4544 
ns 
1.508 
1.496 
1.492 
ns 
1.705 
1.682 
1.680 
ns 
12.8 
12.6 
12.6 
ns 
X 95 69.3 3.0 6029 4677 1.499 1.690 12.6 
40-ln. 99 63.1 3.3 5725 5517 1.503 1.833 13.1 
12—In. 99 70.5 3.2 5962 5061 1.541 1.903 13.1 
Significance ns ns ns ns ** ns ns ns 
P 1 100 63.7 3.2 5717 5358 1.518 1.837 13.1 
P 2 99 65.4 3.2 5783 5482 1.536 1.872 13.0 
P 3 98 68.3 3.2 6030 5025 1.509 1.894 13.2 
Significance ns ** ns ** ns ns ns 
X 99 66.8 3.2 5844 5289 1.522 1.869 13.1 
^ns 5= not significant at the level; * and ** = significant at the 5^ and 
1% level, respectively. 
Table 11. (Continued) 
Cross Management 
PM 
(days) 
Pl.hgt. 
(cm, ) CR 
LxW 
early 
LxW 
late 
L/W 
early 
L/W 
late 
SS 
(gm./lOO 
seed) 
7 40-in, 102 72.4 3.4 6992 5308 1.454 1.784 15.8 
12-in * 101 82.4 3.4 7557 5287 1.494 1.915 15.7 
Significance ns * ns ns ns ns ns ns 
P 1 102 75.1 3.5 7286 5599 1.472 1.849 15.8 
P 2 102 77.1 3.3 7198 5203 1.459 1.855 15.8 
P 3 101 80.0 3.3 7290 5091 1.490 1.844 15.6 
Significance *# ** ns ns # ns ns ns 
X 102 77.4 3.4 7274 5298 1.474 1.850 15.8 
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were significant line x row spacing interactions for plant 
height in all 3 crosses. 
In general, no differences between row spacings could be 
detected for the characters analyzed. There were significant 
differences between plant populations for maturity, height, 
canopy rating and leaflet characters in one or more crosses. 
All crosses had highly significant differences between lines 
for all of the characters measured. 
The leaflet areas and L/W means followed similar patterns 
as 1969 for row spacings and plant populations, even though 
the differences were not always significant (Table 11). Leaf­
lets became smaller and narrower from the first measurement to 
the second measurement in all 3 crosses. Leaflets were larger 
in 12-inch rows than in 40-inch rows at the first measurement, 
but not at the later measurement. 
Unlike I969» seed size did not differ across row spacings 
in 1968, 
Yield 1969 
Table 12 summarizes the simple correlations between seed 
yield in 12- or ^0-inch rows with plant characters. 
Effect of time of maturity 
Table 13 shows simple correlation coefficients between 
actual yield and time of physiological maturity. There were 
differences among crosses in the relationships between yield 
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Table 12. Simple correlation coefficients (r) between yield 
in 12- or 40-inch rows and variables measured in 
12- or 40-inch rows, for 3 crosses, 1969 
r values 
Yield in 12-inch rows Yield in 40-inch rows 
with variables in with variables in 
12 -inch rows 40-inch rows 
Cr. 1 Cr. 4 Cr. 7 Cr. 1 Cr, 4 Cr. 7 
BB -.44 — « 14 .13 .07 .19 .37* 
PM-BB .56* .37 .25 .25 .43* .48** 
PM-BS .52** .29 .30 .02 .48* .62** 
PM -.13 .26 .34 .43* .72** .68** 
LA early -.28 -.17 -.17 .16 .18 .24 
L/W early .46* .08 .24 .06 — .26 .11 
LA late 
-.37 -.37 -.25 -.03 .03 -. 36 
L/W late .56* .17 .22 .10 —. 16 .32 
LI early .69** .06 .46* .41 .10 .36 
LI late -.04 —, o4 .24 .48* .70** .62** 
CR early .24 -.34 .01 -.11 -.10 .10 
CR late .08 —. 28 —. 26 .22 .32 .38* 
C. width^ — - — — — .64** .24 .36 
C. height^ —  —  —  —  •  '  —  —  — . 10 .32 .29 
C. lodging -.23 —, 16 —. 02 .24 .27 .13 
PI. lodging -.27 -.02 —. 02 -.14 .29 .22 
PI. height -.38* .17 .10 —. 01 .65** .44* 
Branching .07 .15 .15 .59** .57** .06 
LOT early .09 .30 .00 .00 .13 —. 10 
LOT late .14 —. 01 .03 -.27 -.42* -. 10 
Seed size .13 .24 —. 01 .10 .00 -.11 
&Not measured in 12-inch rows. 
* and ** = significant at 5% and Vfo level, respectively. 
and time of maturity. Simple correlations between yield and 
date of physiological maturity, calculated from all plots in 
the 1969 experiment, showed that there were significant rela­
tionships between high yield and later maturity for crosses 
4 and 7* but not for cross 1. In 40-inch rows, however, all 
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Table 13* Simple correlations (r) between yield and time of 
physiological maturity (PM) in 1969 
Yield Yield Yield 
(all plots) 12-in. 40-in. 
PM Cross 1 -.09 -.13 ,43* 
Cross 4 .56** .26 .72** 
Cross 7 .49** .34 .68** 
* and ** = significant at 5^ and 1% level, respectively. 
3 crosses showed significant correlations between yield and 
time of maturity. Yield in 12-inch rows was not significantly 
correlated with maturity date for any cross. Although not 
significant, there was some evidence in 12-inch rows (nega­
tive r values) that some earlier lines of cross 1 were higher 
yielding than later lines in cross 1. This would help to 
explain the lack of relationship between yield and maturity 
time in cross 1 when all plots were considered, despite the 
significant relationship in 40-inch rows. 
Seed filling and reproductive periods in cross 1 had sig­
nificant relationships with seed yield in 12-inch rows (Table 
14). On the other hand, seed filling and reproductive periods 
were not significantly related to yield in 12-inch rows for 
crosses 4 and 7. Longer seed filling and reproductive periods 
were associated with higher yields in 12-inch rows for cross 
1, but the negative r values between yield in 12-inch rows and 
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Table 14. Simple correlations (r) between yield and growth 
period lengths in I969 
Yield in 12-inch rows Yield in 40-inch rows 
correlated with correlated with 
12-inch variables 40-inch variables 
Cr. 1 Cr. 4 Cr. 7 Cr. 1 Cr. 4 Cr. 7 
BB -.44 -.14 .13 .07 .19 .37* 
PM-BB .56* .37 .25 .25 .43* .48** 
PM-BS .52* .29 .30 .02 .48* .62** 
PM -.13 .26 .3^ .43* .72** .68** 
* and ** = significant at 5% and 1% level, respectively. 
time of physiological maturity, although not significant, 
suggested that some lines were earlier and higher yielding. 
Table 15 selects from cross 1 the 3 highest and 3 lowest 
yielding lines in 12-inch rows. The high yielding lines had 
reproductive and seed filling periods 7 days longer than the 
lowest yielding lines, and yet, the high yielding lines 
actually reached physiological maturity earlier. The high 
yielding lines began flowering 10 days earlier than the low 
yielding lines. 
The relationships between yield and maturity character­
istics were different in 40-inch rows from those relationships 
in 12-inch rows (correlations in Table 14 and examples in 
Table 16). In 40-inch rows, all 3 crosses showed significant 
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Table 15, Yield and growth period lengths of the 3 highest 
and the 3 lowest yielding lines of 3 crosses in 
12-inch rows, 1969 
Cross Yield PM PM-BB PM-BS BB 
1 3 high 49.1 94 55 34 39 
47.4 92 54 35 38 
46.8 94 47 33 47 
X 47.8 93 52 34 41 
3 low 37.3 97 44 26 53 
39.2 95 45 28 50 
40.8 95 45 26 50 
X 39.1 96 45 27 51 
4 3 high 49.7 103 50 32 53 
49.6 98 58 34 40 
49.5 100 46 28 53 
X 49.6 100 51 31 49 
3 low 39.2 97 44 29 53 
39.8 99 50 30 49 
41.0 92 48 30 44 
X 40.0 96 47 30 49 
7 3 high 59.7 101 61 41 40 
58.7 105 66 43 39 
57.6 102 56 36 46 
X 58.7 103 6l 40 42 
3 low 46.5 93 54 36 39 
46.8 95 57 39 38 
49.1 101 60 39 41 
X 47.5 96 57 38 39 
Table 16. Yield and growth period relationships of the 3 
highest and the 3 lowest yielding lines of 3 
crosses in ^0-inch rows, I969 
Cross Yield PM PM-BB PM-BS BB 
1 3 high 35.0 94 55 34 39 
33.5 96 45 28 51 
33.3 99 48 30 51 
X 33.9 96 49 31 44 
3 low 26.9 91 46 31 45 
27.0 94 44 27 50 
27.8 92 52 34 40 
X 27.2 92 47 31 48 
4 3 high 38.3 104 63 45 4l 
38.2 100 47 29 53 
36.7 98 50 30 48 
X 37.7 101 53 35 47 
3 low 28.7 92 52 32 40 
29.8 93 50 30 43 . 
29.9 91 49 31 42 
X 29.5 92 50 31 42 
7 3 high 43.5 101 61 41 40 
42.9 104 59 40 45 
42.1 102 56 46 38 
X 42.8 102 59 42 41 
3 low 33.1 93 54 36 39 
35.4 94 56 38 38 
36.0 94 56 37 38 
X 34.8 94 55 37 38 
6? 
positive relationships between yield and lateness. Longer 
seed-filling and reproductive periods were related to higher 
yields in ^ 0-inch rows for crosses 4 and 7i but the relation­
ships were not significant for cross 1. The high and low 
yielders in 40-inch rows reflected the correlation pattern; 
it was clear that the high yielders of crosses 4 and 7 had 
longer overall growth periods (i.e., later physiological 
maturities). Although there was a tendency for the higher 
yielders of all crosses in 40-inch rows to have longer seed-
filling and reproductive periods there was often an overlap­
ping of the high and low yielders regarding these maturity 
factors. 
Table 1? summarizes the time required for the lines in 
each cross to reach maturity and the lengths of the different 
vegetative and reproductive stages. Lines in cross 1 were, 
on the average, later blooming and earlier maturing than the 
lines in crosses 4 and ?• In addition, the lengths of the 
seed-filling and reproductive periods were shorter in cross 1 
than in crosses 4 and 7* 
Plant height 
Table 18 shows simple correlation coefficients between 
yield and plant height. Cross 1 showed no relationships be­
tween height and yield in 40-inch rows, but short plants were 
significantly higher yielding in 12-inch rows. In crosses 4 
and 7, taller plants were significantly related to higher 
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Table 17• Means and ranges of growth stages of lines in 3 
crossesf 1969 
Cross 1 Cross 4 Cross 7 
n=17 n=22 n"26 
BB& Mean 47 45 41 
Range 38 to 53 38 to 53 38 to 46 
PM-BS^ Mean 31 33 38 
Range 27 to 35 28 to 45 35 to 42 
PM-BB^ Mean 48 52 59 
Range 44 to 55 43 to 63 53 to 61 
PM& Mean 95 98 100 
Range 91 to 100 91 to 104 93 to 105 
^Days from emergence. 
^Days. 
Table 18. Simple correlations (r) between yield and plant 
height in 12- and 40-inch rows, 1969 
Yield in 12-in. Yield in 40-in. 
rows with height rows with height 
Cross 1 -.48* -.01 
Cross 4 .17 ,65«* 
Cross 7 .10 .44* 
* and ** = significant at 5^ and 1% level, respectively. 
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yield in ^0-inch rows, but there was no relationship between 
height and yield in 12-inch rows. 
The relationships between yield in ^0-inch rows and plant 
height in crosses 4 and 7 is readily explainable. In part, it 
is due to later varieties being taller (r = .61** and r = 
.81**, respectively), and later varieties being higher yield­
ing (see previous section). Also, in 40-inch rows, plants 
normally have to grow larger to intercept light and cover the 
inter-row spaces and, if other factors are equal, varieties 
that intercept more light will be higher yielding. The cor­
relation coefficients between late light interception and 
height in 40-inch rows for crosses 4 and 7 were .8&** and 
,80**, respectively. The correlation coefficients between 
late light interception and yield in 40-inch rows were .65** 
and .44**, respectively. 
The relationships between height and yield in cross 1 
were more complicated. There was no relationship between 
height and yield in 40-inch rows, but shorter plants were 
significantly higher yielding in 12-inch rows. Taller plants 
that yielded less in 12-inch rows were apparently not due to 
lodging of taller plants despite the high correlations between 
plant height and lodging (Table 19). 
Light interception 
In 40-lnch rows, lines that were intercepting more light 
near the end of the season were higher yielding (Table 20). 
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Table 19, Simple correlations (r) between lodging, height 
and yield in 12-inch and 40-inch rows for the 3 
crosses 
r between Row spacing Cross 1 Cross 4 Cross 7 
Lodging and 
yield 
12-inch 
40-inch 
.27 
.12 
.02 
.29 
- .02 
.22 
Lodging and 
height 
12-inch 
40-inch 
.82** 
.32 
.87** 
.46 
.77** 
.52** 
* and ** = significant at and 1%, respectively, 
Table 20. Simple correlations (r) between yield and light 
interception in 12- and 40-inch rows in I969 
Yield in 12-inch rows Yield in 40-inch rows 
correlated with correlated with 
12-inch variables 40-inch variables 
Cr. 1 Cr. 4 Cr. 7 Cr. 1 Cr. 4 Cr. 7 
LI early 
LI late 
.69** .06 .46* .41 
—.04 — #04 .24 .48* 
.10 .36 
.70** .62** 
* and ** = significant at and 1% level, respectively. 
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Howeverf late light interception did not appear to be related 
to yield in 12-inch rows. 
Early light interception was not significantly related to 
yield in 40-inch rows, although it did have a significant re­
lationship with yield in 12-inch rows in 2 of the crosses. 
The factors affecting early and late light interception are 
presented in detail in the Response Section of Results. 
Summarizing those results in this section, it was found that 
early light interception was not related to late Interception; 
early light interception was not related to time of maturity 
and hence it was not related to many of the characters meas­
ured; late light interception was related to time of maturity 
and was related to the many characters affected "by maturity 
date. 
Branching 
There was a significant relationship between yield in 
40-inch rows and plant branching in crosses 1 and 4 (r values 
were .59** and .57** for crosses 1 and 4, respectively). 
There was not such a relationship in cross 7* Branching was 
greater (Table 5) in crosses 1 and 4, which presumably was 
due to the unadapted Wasedaizu parent. Branching in 40-inch 
rows would help the lines of these crosses to fill in the 
inter-row spaces. This ability to fill in inter-row spaces 
would have been more important in crosses 1 and 4 because the 
lines in these crosses were markedly less vegetative than the 
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lines in cross ?• The lines in cross 7 had larger leaflets 
and higher average light interceptions at both early and late 
measurements. Although branching was greater in 12-inch rows 
(Table 5 of means), branching was not a significant factor 
in differentiating yielding ability of lines in 12-inch rows 
(Table 12). 
Canopy ratings 
Canopy rating, as a measurement for determining high 
yielding soybean types, could not be regarded as too success­
ful. The only significant correlation was between yield in 
^0-inch rows and canopy rating for cross 7 (Table 12); closed 
types were higher yielding. However, there were some inter­
esting trends: open types tended to be higher yielding in 
12-inch rows but closed types tended to be higher yielding 
in ^0-inch rows. Canopy rating did have more use in inter­
preting the response to narrow rows (see Response results). 
Multiple regression equations, with canopy rating as the 
dependent variable and canopy characters as independent vari­
ables were fitted in order to determine what characters in­
fluence light penetration during the process of taking the 
visual ratings. It was felt that canopy rating would be in­
fluenced by the row spacing management since leaf sizes vary 
with row spacings, and also, there were row spacing x line 
interactions for canopy ratings. Hence, separate equations 
for canopy rating were fitted for both 40- and 12-inch rows. 
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When characters were measured twice during the season, the 
early measurement was used as an independent variable with 
early canopy rating and, similarly, the late measurement was 
matched with late canopy rating. In addition, lodging, height 
and branching were characters added to both "early" and 
"late" models. 
The different multiple regression models (Tables 21 to 
24) varied from to 82^ in the percent variability ex­
plained by the independent variables. All models presented 
explained a significant amount of variability. No one vari­
able was consistent in explaining a significant (by t-test) 
amount of the variability between lines in canopy ratings. 
Canopy ratings measured later in the season had higher 
than early ratings. 
The t-values given in Tables 21 to 24, test the differ­
ence of the partial regression coefficient from zero. Their 
relative value, within any particular model, ranks the im­
portance of the characters in explaining the dependent, 
canopy rating. 
At the later measurement, light interception was the 
most important variable associated with the canopy rating as 
indicated by the high t-values. Late leaflet area, in the 
late models, was significant in one cross in 12-inch rows and, 
generally, had the next highest t-values of the characters in 
the other models. 
At the early measurement, leaflet area or lodging seemed 
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Table 21. Multiple regression models with early canopy rating 
measured in 12-inch rows, as the dependent vari­
able, 1969 
Cross Dependent Independent b value t-value R^i%) 
1 CR early LA early .00 - .21 42 
L/W early -1.41 - .93 
LI early .07 .97 
HGT .00 .25 
BR .28 .74 
LOG - .50 -1.55 
4 CR early LA early .02 3.15* 51 
L/W early .95 .66 
LI early .08 1.89 
HGT — . 02 - .98 
BR .51 1.56 
LOG .07 .19 
7 CR early LA early .01 3.25* 62 
L/W early -1.29 - .93 
LI early .12 1.74 
HGT — . 01 - .41 
BR .00 .01 
LOG - .34 -1.27 
•Significant t-value at 5^ level. 
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Table 22. Multiple regression models with early canopy rating 
measured in 40-inch rows, as the dependent vari­
able, 1969 
Cross Dependent Independent b value t-value 
1 CR early LA early .00 .61 66 
L/W early -1.21 
CM 0
 
r-
t 1 
LI early .03 — . 61 
HGT .00 - .03 
BR .16 - .90 
LOG .47 -2,87* 
4 CR early LA early .01 3.05* 44 
L/W early .95 .68 
LI early - ,04 — .83 
HGT — • 02 -1.22 
BR .14 .51 
LDG .16 .57 
7 CR early LA early .01 2.57* 48 
L/W early -1.62 -1.29 
LI early — . 06 - .98 
HGT .00 .29 
BR — .20 - .76 
LDG - .05 .16 
•Significant at 5/5 level. 
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Table 23. Multiple regression models with late canopy rating 
measured in 40-inch rows, as the dependent vari­
able, 1969 
Cross Dependent Independent b value t-value 
1 CR late LA late .01 1.50 70 
L/W late — . 28 - .24 
LI late .10 2.04* 
HOT .00 .27 
BR - .11 - .42 
LDG .24 1.03 
4 CR late LA late 
1—1 0
 1.76 79 
I/W late 
- .73 —1.28 
LI late .19 2.44* 
HOT — « 01 
CO 
BR - .09 - .37 
LDG .53 2.28* 
7 CR late LA late .01 1.99 49 
L/W late 
- .35 - .49 
LI late .16 2.19* 
HGT 
1—1 0
 1 
- .39 
BR .06 .27 
LDG .29 1.12 
•Significant at 5% level. 
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Table 24. Multiple regression models with late canopy rating 
measured in 12-inch rows, as the dependent vari­
able, 1969 
Cross Dependent Independent b value t-value R^{%) 
CR late LA late .01 1.73 59 
L/W late .56 .52 
LI late .19 2.29* 
HGT - .02 -1.32 
BR .09 ,29 
LDG .55 1.68 
CR late LA late .01 I.76 82 
VW late .41 .90 
LI late .41 4.88* 
HGT - .02 -1.85 
BR - .25 -1.64 
LDG .27 1.24 
CR late LA late .01 4.05* 
L/W late - .03 — , 06 
LI late .04 .80 
HGT — 101 1.71 
BR .13 1.03 
LDG .60 3.98* 
•Significant at 5% level. 
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to be more important in explaining canopy rating rather than 
light interception. The fact that light interception influ­
enced late canopy rating but not early canopy rating was ex­
pected, since early light interception rating did not empha­
size light entering the canopy but rather, it emphasized the 
canopy filling in the inter-row spacings. At the later meas­
urement, the canopies had closed over and the light flecks on 
the ground, which was the basis of the light interception 
measurement, gave a measure of the light entering the canopy. 
The characters explaining canopy ratings were similar in 
both 12- and ^0-inch rows. This was true for both the early 
and the late measurements, although different characters ex­
plained canopy ratings on both occasions. Canopy rating gave 
a description of the soybean canopy, but the multiple regres­
sion models point out that the description could be biased 
by characters that were not of primary importance. For example, 
lodging was an important factor in some crosses and managements. 
In common with most visual ratings, there was much variability 
left unexplained. This could possibly be due to other char­
acters not measured being important in the rating, but it was 
more likely due to the difficulty in placing a single value 
on such a complex character as the soybean canopy. 
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Relationships between yield in 12-inch rows and characters 
measured in 40-inch "rows 
Simple correlations Table 25 summarizes the simple 
correlation coefficients between yield of lines measured in 
12-inch rows and characters of these lines measured in 40-
inch rows. 
The most interesting point in Table 25 was that the high­
est correlations were those between yield in 12-inch rows with 
yield in 40-inch rows. The lower "r" values for the yield 
correlations of crosses 1 and 4 compared with cross 7 was 
consistent with the variety x row spacing interactions in 
these crosses. Whereas, 66?S of yield variance of lines of 
cross 7, grown in 12-inch rows, could be explained by yield 
in 40-inch rows, only 37 and ^ 2% of 12-inch yield variance of 
crosses 1 and 4 could be explained by 40-inch row yield. 
In general, morphological characters in 40-inch rows 
showed no consistent or strong relationships with yield in 
12-inch rows. The relationships between yield in 40-inch rows 
and characters measured in 40-inch (Table 12), as we have seen, 
were quite high in some cases. However, morphological char­
acters in 12-inch rows were not very closely related to yield 
in 12-inch rows. Therefore, it was not really surprising that 
yield in 12-inch rows was not related to morphological char­
acters measured in 40-inch rows. 
Multiple regressions Multiple regressions were used 
to analyze yield in 12-inch rows. Yield in 12-inch rows was 
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Table 25» Simple correlation coefficients (r) between yield 
of varieties in 12-inch rows and variety character­
istics measured in ^0-inch rows, 1969 
Variables in 
40-inch rows 
Yield in 12-inch rows 
Cross 1 Cross 4 Cross 7 
Yield .61** .65** .81** 
BB -.45 -.14 .13 
PM-BB .48* .39 .28 
PM-BS .43 .32 .34 
PM -.22 .27 .34 
LA early —. 36 -.11 .00 
L/W early .50* -.02 .21 
LA late ,00 
-.35 -.39* 
L/W late .60** .20 .35 
LI early .56* -.08 .23 
LI late -.15 .17 .33 
CR early —, 26 —. 38 — « l4 
GR late -.30 —. 20 .11 
C. width ;i8 .02 .41* 
C. hgt. -.60** .19 .10 
C. Idg. -.13 .00 -. 03 
PI. Idg. -.25 .00 -.04 
PI. hgt. -.58** .24 .12 
BR .13 .29 —. 01 
LOT early .26 .41* .11 
LOT late .29 .09 .24 
SS .14 .32 - .05 
* and ** = significant at 5?^ and 1% level, respectively. 
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used as the dependent variable and combinations of characters 
measured in 40-inch rows were used as independent variables. 
The main reason for computing these regressions was to see 
if morphological characters measured in 40-inch rows plus 
yield in 40-inoh rows could improve the prediction of 12-inch 
row yield over the prediction obtained from 40-inch row yield 
alone. 
Many different models were tried initially and it was 
decided that an optimum regression model procedure was not 
warranted because of the intercorrelations of characters due 
to time of maturity. Table 26 presents some models that are 
representative of the results obtained. Both the "early" and 
"late" complete models had the same characters, including 
yield in 40-inch rows, but differed for those characters that 
were measured early and late in the season. 
The "early" complete models explained 7to 89^ of the 
variance in 12-inch yields (Table 26). Yield in 40-inch rows, 
alone, was able to predict 37, 42 and 66% of yield variance 
in 12-inch rows, for crosses 1, 4 and 7, respectively. As ex­
pected, since cross 7 did not have any lines x row spacing 
interactions, yield in 40-inch rows was a better predictor of 
yield in 12-inch rows for cross 7 than the other crosses. 
Hence, we see that the addition of canopy or plant characters 
helps the 12-inch yield prediction in all 3 crosses, particu­
larly crosses 1 and 4. 
When the characters measured at harvest maturity were 
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Table 26. Multiple regression models of characters measured 
in ^0-inch rows as independent variables with the 
dependent variable, yield in 12-inch rows; data is 
for 3 crosses in I969 
Dependent, Y = yield in 12-inch rows 
"Early" complete model "Late" complete model 
Independent x variables Independent x variable: 
1. Yield in 40-inoh 1. Yield in 40-•inch 
2. LA early 2. LA late 
3. L/W early 3. L/W late 
h. LDT early 4. LDT late 
5. LI early 5. LI late 
6. CR early 6. CR late 
7. PI. Idg. 7. PI. Idg. 
8. PI. hgt. 8. PI. hgt. 
9. BR. 9. Br. 
10. C. width 10. C. width 
11. PM 11. PM 
Multiple R^ 
Cross 1 Cross 4 Cross ' 
"Early" complete model .81 .74 .89 
minus (PM) .81 .70 .88 
minus (leaflet characters+PM) .81 .61 .86 
minus (characters at maturity)^ .68 .59 .72 
minus (CR+LI+PM) .80 . 66 .85 
"Late" complete model .86 .72 .89 
minus (PM) .86 .72 .89 
minus (leaflet characters+PM) .77 .63 .84 
minus (characters at maturity)®' .82 .69 .77 
minus (CR+LI+PM) .84 .71 .87 
Yield in 40-inch clone .37 .42 . 66 
^Lodging, height, branching, canopy width, PM. 
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dropped from the early and late models, there was little 
change in for the late models but a substantial change 
in was noted for the early models. This implied that the 
yield variability explained by lodging» height, branching, 
canopy width and maturity, was being explained by canopy char­
acters when measured late but not when measured early in the 
season. The dropping of time of physiological maturity from 
the regression models had no effect since the variability ex­
plained by maturity date could also be explained by either 
canopy or plant characters in the models. 
The importance of the different characters in the models 
was examined by the significance of the t-values and the rela­
tive magnitude of the t-values. Within any cross, the dif­
ferent models gave essentially the same results, and, there­
fore, Table 2? presents the results for one typical early 
model. The corresponding late model is presented in Appendix 
Table 54. Yield in 40-inoh rows had by far the greatest im­
portance in predicting yield in 12-inch rows. Height, lodging 
or canopy width were occasionally significant, but, in generalj 
other characters did not contribute significantly to the pre­
diction equation. Crosses differed in the relative importance 
of characters in the models. The low t-values in the models 
could be, in part, caused by the intercorrelations of the 
characters, due to maturity. It might, however, be indicative 
that yield in 12-inch rows cannot be predicted any better, 
using yield plus other characters than by yield alone in 
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Table 27# Multiple regression models with yield in 12-inch 
rows as the dependent variable and characters 
measured in 40-inch rows as the independent vari­
ables, 1969 
Cross Dependent Independent b value t-value R^(%) 
Yield in Yield in 
12-in. 40-in, .85 2.79* 
LA early .42 .33 
L/W early 182.85 .93 
LDT early 420.62 .43 
PI. hgt. - 3.56 -2.18* 
PI. Idg. .57 .02 
BR 7.53 .19 
C. width - 3» 68 
- .75 
Yield in Yield in 
12-in. 40-in. .97 3.16* 
LA early .35 - * 50 
I/W early 50.26 .25 
LDT early 1569.60 1.94 
PI. hgt. 1.62 — . 61 
PI. Idg. - 51.93 -1.33 
BR - 15.10 - . 36 
C. width 5.03 .93 
Yield in Yield in 
12—in. 40-in. 1.22 7.74* 
LA early - .25 — . 60 
L/W early 24.05 .20 
LDT early 922.16 1.64 
PI. hgt. - 1.33 -1.02 
PI. Idg. - 78.10 -2.67* 
BR 32.10 1.16 
C. width 8.13 2.12* 
•Significant t-value at 59^ level. 
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40-lnch rows. 
Except for correlations of yield or yield response with 
plant characters, intercorrelations "between characters for 
the different crosses in 12-inch or 40-inch rows are pre­
sented in Appendix Tables 55 to 60. 
Originally it had been hoped to distinguish characters 
important in explaining yield per se, in either 12- or 40-
inch rows, by using a multiple regression technique similar 
to that used with canopy ratings. This tebhnique did not seem 
too successful. The t-values obtained for the independent 
variables were usually small and non-significant. The models 
did explain significant yield variability but individual 
characters were not important. These results were probably 
due to the intercorrelations of the independent variables 
in the regression models. 
Yield 1968 
Correlations between yield and plant characters in I968 
were calculated using plots with the smallest amount of hail 
damage. However, the correlation coefficients obtained were 
not greater than .4, and correlations of hail ratings with 
yield and other characters were high. Since the hail effects 
were so strong, I968 correlation data has not been reported 
in this thesis. 
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Relationships of Characters with Maturity Date 
In this study, maturity date differences of lines were 
associated with differences among lines in other characters 
(Table 28). The effect of maturity date on yield or yield 
response is dealt with In those respective sections. 
The most pronounced effect of maturity date was on 
height; later lines were significantly taller. Significantly 
higher light interception of later lines at the second meas­
urement was an indication that the canopy changes late in the 
season. As maturity approaches soybeans tend to "open" and, 
hence, with light Interception measurements taken at a fixed 
date, late lines will not show as much openness as early 
lines. This was Indicated by later lines having higher 
canopy ratings. An example of canopy changes with approach­
ing maturity was leaflet size—during the progress of the 
season it was shown (Table 5) that successive leaflets were 
smaller in size and relatively narrower. 
The association of time of maturity and leaf density-
thickness was an interesting side light of these results. In 
all 3 crosses, thicker or denser leaflets at the late meas­
urement were significantly associated with earlier maturities. 
There was no association between time of maturity and leaf 
density-thickness at the earlier measurement. The association 
of leaf density-thickness late and maturity date was more 
marked in 40-lnch rows than in 12-inch rows. 
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Table 28. Simple correlation coefficients (r) between date of physio­
logical maturity (PM) and plant characters measured in either 
12- or 40-inch rows for 3 crosses, 1969 
r values 
PM with: 
Cross 1 Cross 4 Cross 7 
12-in. 40-in. 12-in. 40-in. 12-in. 40-in. 
Yield -.13 .43* .26 .72** .36 .68** 
Yield response -.51* —. 68** -.49* - .44* -.24 -.28 
BB .76** .77** .45* .48* .46* .55** 
PM-BB -.28 -.29 .41* .37 .66** .69** 
PM-BS - .46 - .46 .53** .48* .48* .62** 
LA early .53* .68** .26 .21 .36 .53** 
L/W early -.42 -.49* - .48* -.39 -.12 -.21 
LA late .09 -.03 .45* .31 .06 -.02 
L/W late -.40 -.47* -.43* -.33 -. 08 -.02 
LI early -.25 .03 -.33 -.17 .32 .22 
LI late .68** .82** .66** .70** .73** .90** 
CR early .14 .22 -.22 -.03 .30 .42* 
CR late .35 .48* .41* .44* .33 .59** 
C. width .62** .05 .45* 
C. hgt. — — .47* — — .03 — — .50** 
C. Idg. .24 .47* .21 .25 .15 .26 
PI. Idg. .49* .00 .64** .17 .45* .36 
PI. hgt. .71** .67** .75** .61** .76** .81** 
Br. .49* .66** .31 .58** .08 .03 
SS -.25 -.26 -.40 -.34 -.19 -.28 
LOT early -.02 .06 -.12 -.04 -.15 -.25 
LOT late -.41 —.68** —.6 6** -.74** -.36 -.47* 
* and ** = significant at 5% and 1% level, respectively. 
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Yield Responses to 12-inch Rows 
Yield responses can be reported in 2 ways: either as an 
actual yield response in the units of yield measure or as a 
percent response relative to the lower yielding ^0-inch rows. 
The relative advantages of each response will be discussed in 
a later section but both ways of reporting response are 
meaningful. 
The correlation coefficients between actual and percent 
yield response were .93, .94 and .90 for crosses 1, 4 and 7, 
respectively. That is, there were very close relationships 
between percent response and the actual yield increase ob­
tained for the lines when grown in 12-inch rows. Lines that 
gave the greatest percent yield response tended to have the 
greatest actual yield response. 
The analyses of variance were calculated (Table 29) for 
yield response. Percent response values were calculated on 
a per plot basis for each line within each replication and 
within each plant population. Since the split plot nature of 
the design was retained, it was possible to test for plant 
population differences, line differences and the presence of 
line X plant population interactions for percent yield re­
sponse, The small number of degrees of freedom made the power 
of the P-test for plant population differences weak, and the 
greatest precision was obtained from the lines and interaction 
tests. It was deemed unlikely that the distribution of 
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Table 29. Analyses of variance for percent yield response 
to narrow rows for 3 crosses In 1969 
Mean squares 
Cross 1 Cross k Cross 7 
Source of ^ 
variation DP MS DP MS DP MS 
A Replications 1 970.9 1 2638.0* 1 17.2 
C Plant populations 2 220.2 2 476.1 2 274.1 
AC Error (a) 2 116.6 2 146.3 2 1260.4 
D Lines 16 482.3* 21 523.2** 25 201.4 
CD Plant popula­
tions X lines 32 306.8 42 207.7 50 203.7 
Error (b) 48 210.2 63 200.2 75 254.6 
C.V. (#) 34.4 39.4 44.0 
* and ** a significant at 1% or 5% level, respectively. 
percent response deviated from normality, even though the 
actual response was divided by 40-inch row yield, since yield 
in 40-lnch rows and the difference between the yield in 12-
Inch and ^ 0-inch rows were likely independent of each other. 
In addition, all percent values fell between 19^ and 6Z%, 
Hence, no transformations were thought to be necessary. The 
coefficients of variation were quite high (3^^ to for 
all crosses. This was not surprising since the calculated 
nature of the response variable Incorporated variability from 
both 12- and 40-lnch whole plots. The experiment covered a 
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large area which meant that it was difficult, even within 
plant population subplots, for blocks to be very uniform for 
soil type or micro-environment. The high coefficients of 
variation for percent yield response and the calculated nature 
of the percent response, point out the variability involved in 
percent response estimates. In this experiment, percent 
yield response was harder to measure than yield. 
Table 29 shows that there were significant differences 
between lines for percent yield response to narrow rows for 
crosses 1 and 4 but not for cross ?, These results were 
similar to the significant genotype x row spacing interactions 
obtained for crosses 1 and 4. The significant differences 
for percent response between lines were quite likely due to 
this genotype x row spacing interaction. However, it is 
possible to obtain significant differences for percent re­
sponse, but not genotype x row spacing interactions, and 
vice versa. Significant genotype x row spacing Interactions 
for yield meant that there were significant differences be­
tween lines for actual yield response. No significant dif­
ferences between plant populations for percent yield response 
were obtained. There were also no significant plant popula­
tion X line Interactions for any cross, which meant that the 
plant populations were not different for actual yield response. 
The actual and percent yield responses of the 3 crosses 
and the check variety, Hark, for each plant population are 
shown in Table 30. Mean responses and the range of responses 
Table 30. Means of actual and percent yield responses to narrow rows for 3 
crosses and the check variety, Hark, in I969 
Actual response (bu./A) Percent response 
Cross 1 Cross 4 Cross 7 Hark Cross 1 Cross 4 Cross 7 Hark 
Plant population 
87,000 p.p.a. 12.8 13.3 13.8 15.8 44.8 . 39.8 35.2 34.7 
174,000 p.p.a. 11.3 11.8 13.5 22.1 39.7 34.7 34.4 53.4 
260,000 p.p.a. 11.1 12.6 14.5 19.1 41.8 33.6 38.6 44.3 
Mean response 11.7 12,6 13.9 19.0 42.1 36.0 36.1 43.9 
Significance^ ns ns ns ns ns ns 
Range of lines 7.8- 5.5- 8.7- 24.5- I9.2- 21.8-
16.8 18.5 17.3 54.6 61.6 4 7 . 7  
Significance for 
lines * ** ns * ** ns 
'^ns a not significant at 5% level; * and ** = significant at smd 1% 
level, respectively. 
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are also presented In Table 30. 
The actual and percent yield responses were very high. 
This was even more unusual since the yield levels in ^0-inch 
rows were also high. Every line gave a yield response to 
narrow rows—from a low of 5.5 bu./A (19.2#) to a high of 
18.5 bu./A (61.6#). Hark is a variety that is high yielding 
and is known to have a high response to narrow rows. Besides 
being higher yielding than any other line in the trial, 
Hark had a greater actual yield response than any other lines. 
There were lines that had greater percent responses than Hark, 
however, they had a much lower yield in 40-inch rows. The 
mean percent responses of the lines in each cross were similar 
to that of Hark. Cross 1 was the lowest yielding cross and 
had the lowest actual yield response to narrow rows, but it 
had the highest percent response to narrow rows. Cross 7» 
which had lines derived from a cross of 2 adapted parents, 
had the highest yield and the highest actual response of the 
3 crosses. Lines in cross 7 did not have the extremes of 
actual and percent response that crosses 1 and 4 had, but they 
did have high percent responses. This lack of extremely high 
or low responders was probably the reason for the lack of 
significance between lines for actual or percent response in 
cross 7» There were no trends in any cross to suggest that 
any plant population gave a higher response to narrow rows. 
However, the lowest plant population of Hark yielded less than 
the higher plant population, but it is not known If this 
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difference was significant. 
In all correlation work dealing with response, actual 
response was used rather than percent response. This was 
because percent response Involves dividing actual response by-
yield in 40-lnch rows, which could introduce a bias, since 
some of the correlation attributed to response could be due 
to the 40-lnch yield and not the actual response. A spurious 
correlation is certainly introduced when percent response is 
correlated with yield in 40-inch rows. Less obvious spurious 
correlations could be introduced when percent response is 
correlated with morphological characters associated with 
yield in 40-lnch rows. 
It has been shown that there were virtually no significant 
genotype x plant population interactions for any characters. 
Hence, means of each line were taken for 12-inch and 40-lnch 
rows. Each mean consisted of 2 replications of 3 populations--
a total of 6 plots. All correlations and regressions used 
these means. 
Response of lines related to yield performance in 12- and 
^0-lnch~rows 
High responding lines to 12-inch rows were significantly 
related to high yields in 12-inch rows (Table 31). Response 
was not significantly related to yield in 40-inch rows. How­
ever, the negative r values between yield response and yield 
in 40-lnch rows for crosses 1 and 4 did suggest that some 
lines that were low yielding in 40-lnch rows could give high 
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Table 31. Simple correlation coefficients (r) between mean 
yield responses of lines and the mean yield in 
12- and 40-inoh rows, I969 
Yield response with Cross 1 Cross 4 Cross 7 
Yield in 40-inch rows -.20 -.28 .14 
Yield in 12-inch rows ,66** .55** .69** 
••Significant at 1% level. 
yield responses. Table 32 also illustrates this. The 3 
lowest responders in each cross averaged higher yielding in 
40-inch rows than the 3 highest responders. However, the 
lack of significance for the relationship between response 
and yield in 40-lnch rows and the significant relationship of 
response with yield in 12-inch rows indicated that high re­
sponders, characteristically, yielded much higher in 12-inch 
rows than low responders. The high responders had 5 bu./A 
greater yield in 12-inch rows than the low responders. Table 
32 shows that a high response can be obtained from lines that 
are very low yielding in 40-inch rows or from lines that are 
fairly high yielding in 40-inch rows. This would be ex­
pected from the low correlations between yield response and 
yield in 40-inch rows. It must be pointed out that the high­
est responding lines did not have the highest yield in 12-
inch rows, although 2 of the highest responding lines in cross 
1 were second and third highest yielding in 12-inch rows. 
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Table 32. Yield performance in 12- and 40-inch rows of the 
3 highest and the 3 lowest yield responding lines 
to narrow rows in 19^9 
Cross Responders 
Response 
bu. /A 
Response 
% 
40-inch 
yield 
bu./A 
12-inch 
yield 
bu./A 
1 3 high 16.8 
15.4 
14.7 
54.6 
51.0 
54.6 
30.6 
31.4 
26.9 
47.4 
46.8 
41.6 
Mean 15.6 53.4 29.6 45.3 
3 low 7.8 
8.5 
10.4 
24.5 
29.9 
33.2 
33.0 
28.8 
31.7 
40.8 
37.3 
42.1 
Mean 8.9 29.2 31.2 40.1 
4 3 high 18.5 
14.4 
13.8 
61.6 
45.7 
45.7 
29.9 
31.6 
30.4 
48.4 
46.0 
44.2 
Mean 15.6 51.0 30.6 46.2 
3 low 5.5 
8.5 
9.0 
19.2 
23.8 
30.1 
36.5 
35.7 
30.2 
42.0 
44.2 
39.2 
Mean 7.7 24.4 34.1 41.8 
7 3 high 17.3 
16.8 
16.2 
47.7 
43.2 
43.7 
36.4 
39.9 
37.2 
53.7 
56.7 
53.5 
Mean 16.8 44.9 37.9 54.6 
3 low 8.7 
10.3 
11.2 
21.8 
26.7 
29.6 
40.4 
38.8 
38.8 
49.1 
49.1 
50.0 
Mean 10.1 26.0 39.3 49.4 
96 
Characters associated with yield response to narrow rows 
Simple correlation coefficients "between actual yield re­
sponse and characters measured in 12-inch and 40-inch rows 
are presented in Table 33- Tables 34 and 35 present the means 
and variances of the characters in 12- and 40-inch rows, re­
spectively. For each cross, the line means were used in the 
correlations and, therefore, the variances in Tables 3^ and 35 
represent the variability of the lines in each cross for the 
respective characters. The relationships between yield re­
sponse and the following characters are discussed: 
1. Maturity date 
Higher response was significantly related to earlier 
maturing lines in crosses 1 and 4 but not in cross 7. Table 
17 shows that cross 1 had the least spread in date of maturity 
and cross 7 was intermediate between crosses 1 and 4. This 
implied that time of maturity was not the only factor involved 
in yield response. 
The effects of the differing maturity dates of the lines 
were also manifested in a range in the expression of a number 
of plant characters (also shown in the work of Hinson and 
Hanson, I962). Maturity date is a collective term referring 
to the overall length of time from emergence to maturity. 
Maturity date encompasses the vegetative phase (up to begin­
ning bloom) and the reproductive phases. The reproductive 
phase can be subdivided" into a seed-filling phase (PM-BS). 
With the indeterminate soybean plant types used, growth can 
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Table 33. Simple correlation coefficients (r) between actual yield response 
of lines and morphological characters of the same lines in 12-
or 40-inch rows, 1969 
r of response with variables from 
Cross 1 1 Cross ; 4 Cross 7 
12-in. 40-in. 12-in. 40-in. 12-in. 40-in. 
Yield .66** -.20 .55** -.28 .69** .14 
BB -.64** -.64** -.39 -.39 -.24 -.24 
PM-BB .50* .37 -.03 .02 -.05 -.12 
PM-BS ,68** .51* -.18 -.13 -.07 -.18 
PM -.51* —•68** -.49* - .44* -.24 -.28 
LA early -.40 —•62** -.41* -.33 -.27 -.30 
L/W early .57* .56* .37 .26 .26 .23 
LA late -.30 .02 -.54** -.48* -.18 -.22 
L/W late .74** .65** .34 .43* .13 .20 
LI early .58* .30 .08 -.21 .24 -.05 
LI late -.49* —.64** -.57** -.55** -.22 -.20 
CR early .09 -.22 -.15 -.36 -.17 -.32 
CR late -.20 T.58* -.51* -.61** -.63** -.27 
C. width -.40 - - -.20 - - .25 
C. hgt. - - —.66** -- -.12 -.18 
C. Idg. -.36 -.39 -.36 -.32 -.30 -.19 
PI. Idg. -.45* -.16 —.6 0** -.32 -.43* -.32 
PI. hgt. -.65** —.71** -.52* -.41* -.33 -.34 
Br. -.35 -.41 .06 -.26 -.12 -.08 
LDT early .19 .01 .30 .41* .06 .33 
LOT late .30 .63** .46* .58** .29 .53** 
SS -.06 .08 .35 .40 .04 .04 
* and ** = significant at 5% and 1% level, respectively. 
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Table 34. Means and variances of characters measured in 12-inch rows, 
in 1969 
Cross 1 Cross 4 Cross 7 
X Var. X Var. X Var. 
Yield 1132.9 6184.0 1186.7 8520.3 1397.4 8788.0 
BB 46.6 22.5 45.3 25.4 41.0 8.2 
PM-BB 48.4 10.1 52.7 24.3 59.1 11.4 
PM-BS 30.9 7.1 33.7 19.8 38.7 3.0 
PM 94.9 7.5 98.0 18.4 100.2 12.5 
LA early 328.6 906.1 339.3 1574.3 377.9 1132.9 
L/W early 1.593 .018 1.632 .012 1.652 .006 
LA late 185.2 606.0 217.0 818.5 233.4 949.1 
L/A late 1.800 .036 1.952 .034 1.889 .022 
LI early 86.5 5.4 74.9 11.0 89.2 2.9 
LI late 97.8 2.1 97.9 17.4 97.8 1.8 
CR early 2.7 .24 2.6 .49 2.8 .44 
CR late 3.2 .26 2.8 .33 2.8 .18 
C. Idg. 3.6 .26 3.6 .23 3.2 .18 
PI. Idg. 3.2 .77 3.0 .73 2.6 .39 
Pi. hgt. 100.7 225.4 106.7 215.8 102.2 125.3 
Br. 3.9 .36 3.7 .23 2.6 .24 
LOT early .394 .0002 .387 .0005 .390 ,0004 
LOT late .828 .0042 .615 .0016 .670 .0032 
SS 13.1 .9 14.4 1.5 16.1 2.4 
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Table 35. Means and variances of characters measured in 40-inch rows 
in 1969 
Cross 1 Cross 4 Cross 7 
X Var. X Var. X Var. 
Yield (gm./plot) 802.5 3669.0 878.9 6403.7 1032.1 4719.3 
BB 46.6 22.5 45.3 25.4 41.0 8.2 
PM-BB 48.2 10.1 52.0 22.6 58.4 11.0 
PM-BS 30.6 8.0 33.0 17.1 38.0 3.2 
PM 94.7 7.3 97.3 17.6 99.4 15.0 
LA early 273.9 511.8 294.7 1669.7 307.0 924.2 
L/W early 1.602 .014 1.632 .014 1.659 .007 
LA late 218.0 480.4 210.4 744.6 225.2 773.9 
L/W late 1.776 .015 1.936 .039 1.878 .018 
LI early 47.5 6.5 37.7 9.9 48.2 3.0 
LI late 90.7 11.7 92.1 6.5 94.2 4.4 
CR early 2.8 .14 2.5 .33 2.6 .33 
CR late 3.0 .28 2.9 .55 3.0 .24 
C. width 70.9 25.2 69.6 29.7 72.4 9.0 
C. hgt. 81.3 25.5 81.0 38.0 81.5 2.1 
C. Idg. 3.9 .17 3.6 .29 3.4 .14 
PI. Idg. 3.1 .24 2.8 .28 2.5 .21 
PI. hgt. 90.7 146.5 95.4 114.7 94.4 99.1 
Br. 2.8 .32 2.9 .22 2.1 .22 
LDT early .398 .0004 .376 .0005 .396 .0005 
LDT late .630 .0009 .618 .0021 .690 .0011 
SS 12.5 .72 13.6 1.42 15.6 2.16 
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occur until near the time of physiological maturity and, 
hence, lines with different maturity dates will have different 
plant characteristics. For example, later lines are taller. 
Leaflet dimensions and the canopy shape are also influenced 
by time of maturity. The association of maturity date and 
plant characters was discussed in another section. 
There were no significant correlations between yield re­
sponse and the lengths of the reproductive or seed-filling 
periods for crosses 4 and ? in either row spacing. However, 
lines with longer reproductive and seed-filling periods were 
higher responding for cross 1 in both row spacings (Table 33). 
2. Plant height 
Higher response was significantly related to shorter 
plants in both 40- and 12-inch rows for crosses 1 and 4 but 
not for cross ?• Variability for height in cross 7 was less 
than in crosses 1 and 4. Because of the relationship between 
height and maturity date, one would expect that there would 
be more variability for height in cross 7 than cross 1. 
However, the lines in these crosses had marked differences 
in components of maturity and it was observed in the field 
that growth rates varied according to the stage of develop­
ment. 
3. Light interception 
Early light interception was related to yield response 
only in cross 1. Lines that intercepted light early in 12-
inch rows had significantly higher yield responses. Crosses 
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4 and 7 exhibited no relationship between yield response and 
light interception in either 12- or ^ 0-inch rows. 
Lines of crosses 1 and 4 that were intercepting rela­
tively less light at the later measurement in 12-inch and 
40-inch rows had higher yield responses. There were no sig­
nificant correlations for cross 7 between yield response and 
the late light interception measurement. Cross 7 lines were 
intercepting most of the light in 12- and 40-inch rows. 
Crosses 1 and 4- had more variability for late light inter­
ception than cross 7 in both 12-inch and 40-inch rows. 
The relationships of yield response with late light in­
terception, but not with early light interception, implied that 
that two readings were measuring different plant character­
istics and that the plant characteristics, or the late light 
interception ratings, themselves, were more closely related 
to yield response. In fact, there were no significant cor­
relations between the two light interception readings (Table 
36).  
Table 36 summarizes the relationships of late light in­
terception with various plant characters and Table 37 shows 
the relationships of the same characters with early light 
interception. Late light interception was significantly re­
lated to many plant characters including maturity, but early 
light interception was related to few of those same char­
acters, However, only yield, height, lodging and maturity 
also had significant relationships with yield response. 
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Table 36. Simple correlations (r) between late light interception (LI) 
and various characters measured in 12- and 40-inch rows, 1969 
r values 
Late LI with 
Cross 1 Cross 4 Cross 7 
40-in. 12—in. 40-in. 12-in. 40-in. 12-in. 
Response —•64** -.49* -.55** -.57** -.20 -.22 
Yield .48* -.04 .70** -.04 .62** .24 
C. width .78** — — .56** — — .54** — — 
PI. hgt. .54* .43 .82** .70** .80** .50** 
Br. .64** .33 .54** .23 .04 .22 
PI. Idg. -.02 .32 .47* .70** .33 .39** 
PM .82** .68** .70** ,66** .90** .73** 
Early LI -.02 -.11 .31 -.03 .30 .33 
* and ** = significant at 5% and 1% level. respectively. 
Table 37. Simple correlations (r) between early light interception (LI) 
and various characters measured in 12- and 40-inch rows, 1969 
r values 
Cross 1 Cross 4 Cross 7 
Early LI with 40-in. 12-in. 40-in. 12-in. 40-in. 12-in. 
Response .30 .58* -.21 .08 -.05 .24 
Yield .41 .69** .10 .06 .36 .46* 
C. width .20 — — .76** — — .35 — • 
Pi. hgt. -.12 -.42 .38 .02 .35 .15 
Br. .40 .00 -.22 -.15 .02 .34 
PM .03 -.25 -.17 .33 .22 .32 
* and ** = significant at 5% and 17» level, respectively. 
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There was little variability among lines for late light 
interception in 12-inch rows (Table 3^). Most lines were 
essentially intercepting all the light needed for photosyn­
thesis. Therefore, since light interception was not limiting 
in 12-inch rows, there was no significant relationship be­
tween light interception and yield per se in 12-inch rows. 
But, lines that were at a disadvantage in intercepting light 
in ^0-inch rows yielded less in 40-inch rows. Since in 12-
inch rows, these same lines were not at such a relative dis­
advantage in light interception, they were not at such a 
relative yield disadvantage. This meant that these lines 
had a greater yield increase when grown in 12-inch rows. 
Hence, we obtained the relationship that high yield responders 
have lower light interception in 40-inch rows. 
4. Leaflet characters 
There were some significant relationships between yield 
response and leaflet characters in crosses 1 and 4 but not in 
cross 7 (Table 33). In general, cross 7 had less variability 
for leaflet length/width than crosses 1 and 4. Leaflet area 
variabilities were similar for all 3 crosses but cross 7 
tended to have larger leaflets. 
Although not significant in every case for crosses 1 and 
4, there was a consistent trend for smaller and narrower leaf­
let types to give greater yield responses. 
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In summary, crosses 1 and 4 have significant relation­
ships between yield response and the characters; maturity, 
height, late light interception and leaflet characteristics. 
On the other hand, cross 7 did not have significant relation­
ships with these characters, 
5. Canopy rating 
In general, there was a tendency for lines with open 
canopies (low ranking) to have higher yield responses 
(Table 33)• There were significant relationships between 
yield responses and canopy rating for all crosses at the late 
measurement but not at the early measurement. The canopy 
changed during the growing season and earlier lines, which 
tended to have greater yield responses, had more open canopies 
at the time of the second canopy rating. 
6. Leaf density-thickness 
Yield response generally was significantly related to 
the later measurement of leaf density-thickness in all crosses 
(Table 33)» The relationship was most pronounced with leaf 
density-thickness measured in 40-inch rows. Lines with 
thicker or more dense leaves tended to have higher yield re­
sponses. The relationships between leaf density-thickness at 
the early measurement and response were not high. Leaflet 
density-thickness as measurements at the late date averaged 
almost twice that of the earlier measurement, and there was 
more variability in leaf density thickness at the later 
measurement. 
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7. Lodging 
Less plant lodging at maturity in 12-inch rows was sig­
nificantly related to yield response (Table 33). Lodging in 
40-inch rows was not significantly related to yield response. 
It was noted in an earlier section that response was related 
to yield in 12-inch rows but not to yield in 40-inch rows. 
If lines lodged in 12-inch rows, we would expect lower yields 
of those lines and hence, lower yield response. 
Canopy lodging was expected to be more meaningful in 
explaining yield and yield response. However, there were 
no relationships between canopy lodging and yield response. 
It was felt that this lack of relationship with canopy lodging 
was due to the difficulty in measuring lodging; leaves masked 
the effect. 
8. Other characters 
Branching and seed size were not significantly related 
to yield response (Table 33). However, the 3 highest respond­
ing lines in each cross consistently had less branching and 
larger seed size than the 3 lowest responders (See next 
section). 
9. Characters associated with the ^ highest and the 2 lowest 
lines 
It was felt that it would be interesting to look at the 
characters of lines that were the 3 highest and the 3 lowest 
in yield response. The characters in 40-inch and 12-inch 
rows of the 6 lines per cross are presented in Tables and 39 
Table 38. Characters measured in 40-inch rows for the 3 highest and the 
3 lowest yield responding lines in crosses 1, 4 and 7, 1969 
PM- PM-
Type of Response BB BB BS PM LA L/W LA L/W 
responder h u . / A  days days days days early early late late 
3 high 16.8 38 53 34 91 248 1.728 228 1 .790 
15.4 47 47 33 94 268 1.644 224 1.848 
14.7 45 47 32 91 230 1.783 202 1.902 
X 15.6 43 49 33 92 249 1.718 218 1.847 
3 low 7.8 50 46 27 107 293 1.524 198 1.700 
8.5 53 44 27 111 293 1.481 216 1.581 
10.4 51 47 30 111 262 1.523 201 1.664 
X 8.9 51 46 28 109 283 1.509 205 1.648 
3 high 18.5 42 49 31 91 278 1.747 179 2.214 
14.4 44 50 31 93 315 1.575 225 1.749 
13.8 38 52 32 90 260 1.761 184 2.175 
X 15.6 41 50 31 91 284 1.694 196 2.046 
3 low 5.5 54 49 31 103 305 1.704 210 1.879 
8.5 41 61 42 101 286 1.646 275 1.836 
9.0 53 43 28 95 360 1.428 252 1.520 
X 7.7 49 51 34 100 297 1.593 246 1.745 
3 high 17.3 38 57 36 94 274 1.624 245 1.723 
16.8 41 55 37 96 287 1.696 215 1.884 
16.2 38 56 37 93 288 1.919 214 2.193 
X 16.8 39 56 37 94 283 1.746 225 1.933 
3 low 8.7 45 60 39 106 347 1.674 209 1.921 
10.3 41 59 38 100 311 1.637 259 1.877 
11.2 42 58 38 100 296 1.611 232 1.787 
X 10.1 43 59 38 102 318 1.641 233 1.862 
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7.LI %LI CR CR C. PI. PI. LDT LDT 
early late early late width hgt. Idg. Br. early late SS 
48.3 86.0 2.9 2.9 67.5 80 2.9 2.0 .395 .668 13.5 
51.7 86.5 2.7 2.3 63.5 73 2.3 2.7 .395 .631 13.9 
45.8 85.8 2.8 2.0 64.5 78 2.5 2.3 .371 .640 12.2 
48.6 86.1 2.8 2.4 65.2 74 2.6 2.3 .387 .646 13.2 
48.3 94.0 2.7 3.4 70.2 101 3.3 3.0 .413 .603 12.9 
44.2 94.0 2.9 3.4 72.2 111 3.5 3.0 .378 .592 13.0 
47.5 91.8 2.8 2.8 73.5 102 2.8 3.5 .397 .585 11.8 
46.7 93.3 2.8 3.2 72.0 105 3.2 3.2 .396 .593 12.6 
37.5 88.0 2.5 2.4 65.0 84 3.1 2.3 .397 .683 15.2 
40.8 92.0 3.1 3.0 74.8 93 2.0 2.7 .380 .659 14.4 
38.3 86.5 1.7 1.7 65.7 84 2.3 2.2 .424 .729 13.2 
38.9 88.8 2.4 2.4 68.8 87 2.5 2.4 .400 .690 14.3 
41.7 97.0 2.0 3.0 72.3 107 3.6 2.7 .369 .564 11.2 
37.5 94.2 3.1 3.2 68.3 105 2.7 3.0 .367 .566 13.3 
40.0 91.7 2.8 3.9 71.8 91 2.2 2.8 .331 .593 12.2 
39.7 94.3 2.9 3.7 70.8 101 2.8 2.8 .356 .574 12.2 
45.8 92.3 2.0 2.4 70.3 76 2.2 1.8 .399 .697 16.0 
46.7 93.0 2.1 2.8 72.2 81 2.3 1.8 .411 .711 16.3 
49.2 91.2 1.8 1.8 72.2 82 2.3 1.8 .413 .786 16.9 
47.2 92.2 2.0 2.3 71.6 80 2.3 1.8 .408 .731 16.4 
48.3 97.3 2.9 3.5 73.7 112 3.5 2.2 .394 .628 14.4 
47.5 94.8 3.0 3.0 78.9 92 2.0 1.8 .360 .656 19.5 
44.2 93.7 3.2 3.7 67.0 91 2.5 2.7 .395 .666 13.9 
46.7 95.3 3.0 3.4 73.2 98 2.7 2.2 .383 .650 15.9 
Table 39. Characters measured in 12-inch rows for the 3 highest and the 
3 lowest yield responding lines in crosses 1, 4 and 7, 1969 
Type of Response PM- PM- LA L/W LA L/W 
Cross responder bu./A BB BB BS PM early early late late 
1 3 high 16.8 38 53 34 92 313 1.754 186 1.999 
15.4 47 47 33 94 336 1.667 177 1.954 
14.7 45 47 32 92 264 1.856 159 2.042 
X 15.6 43 49 33 93 304 1.759 174 1.998 
3 low 7.8 50 46 27 95 331 1.534 185 1.640 
8.5 53 44 27 97 364 1.472 205 1.551 
10.4 51 47 30 98 292 1.510 168 1.550 
X 8.9 51 46 28 97 329 1.505 186 1.580 
3 high 18.5 42 49 31 90 304 1.833 186 2.169 
14.4 44 50 31 95 358 1.547 237 1.751 
13.8 38 52 32 91 298 1.764 182 2.124 
X 15.6 41 50 31 92 320 1.715 202 2.015 
3 low 5.5 54 49 31 104 352 1.693 232 1.986 
8.5 41 61 42 104 346 1.602 263 1.870 
9.0 53 43 28 97 385 1.454 276 1.617 
X 7.7 49 51 34 102 361 1.583 257 1.824 
3 high 17.3 38 57 36 95 379 1.605 260 1.747 
16.8 41 55 37 96 331 1.704 221 1.851 
16.2 38 56 37 95 342 1.883 185 2.242 
X 16.8 39 56 37 95 357 1.731 222 1.947 
3 low 8.7 45 60 39 105 406 1.638 217 1.937 
10.3 41 59 38 101 387 1.645 238 1.889 
11.2 42 58 38 100 369 1.566 252 1.810 
X 10.1 43 59 38 102 387 1.616 236 1.879 
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7,LI %LI CR CR PI. PI. LDT LDT 
early late early late hgt. Idg. Br. early late SS 
88.3 96.8 2.7 2.8 82 2.1 3.0 .392 .879 13.8 
90.8 96.2 3.4 2.9 85 2.6 4.0 .391 .829 14.2 
85.8 96.0 2.6 2.0 81 2.1 3.2 .390 .867 12.4 
88.3 96.3 2.9 2.6 83 2.3 3.4 .391 .858 13.5 
82.5 98.2 2.6 2.7 109 3.8 4.0 .399 .830 13.8 
83.3 99.0 1.8 3.6 124 4.2 3.7 .389 .830 13.6 
87.5 99.2 3.2 3.0 119 4.1 4.7 .387 .683 , 12.4 
84.4 98.8 2.5 3.1 117 4.0 4.1 .392 .781 13.3 
75.0 96.0 2.7 2.7 89 2.1 3.8 .431 .638 15.4 
80.0 98.3 3.9 3.1 103 1.8 3.2 .360 .624 15.8 
75.0 94.5 1.7 1.6 84 1.9 3.2 .428 .738 13.8 
76.7 96.3 2.8 2.5 92 1.9 3.4 .406 .667 15.0 
73.3 99.7 3.3 3.7 136 4.7 4.0 .374 .565 12.2 
76.7 98.3 2.5 2.9 118 3.3 3.8 .400 .559 13.7 
75.0 98.7 2.9 3.2 100 2.4 3.8 .344 .618 13.1 
75.0 98.9 2.9 3.3 118 3.5 3.9 .373 .581 13.0 
85.8 97.5 2.7 2.2 84 1.7 2.3 .383 .648 16.4 
90.8 96.8 2.5 2.5 88 2.1 2.8 .415 .678 16.9 
90.0 95.3 1.7 1.8 92 2.1 2.0 .422 .847 17.4 
88.9 96.5 2.3 2.2 88 2.0 2.4 .407 .724 16.9 
89.2 99.5 2.6 2.4 127 4.2 2.5 .394 .673 15.0 
85.0 97.3 3.1 2.9 96 2.0 2.2 .377 .663 10.3 
89.2 99.5 3.4 3.3 95 2.9 3.0 .390 .582 14.3 
87.8 98.8 3.0 3.2 106 3.0 2.6 .387 .639 13.2 
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respectively. Yields of these high and low responders were 
treated earlier in Table 32. These characters illustrate 
the magnitudes of the differences implied by the simple cor­
relation coefficients, help in some of the discussion of 
results and, perhaps, point to factors needed for high re­
sponding lines even though there was not a strong relation­
ship for all lines. 
In general. Tables 38 and 39 showed that high responding 
lines were earlier, shorter, intercepted less light late in 
the season, lodged less (particularly in 12-inch rows), had 
smaller and narrower leaves, had greater leaf density-thick­
ness and had larger seeds than low responding lines. High 
responding lines in all 3 crosses frequently had yield in­
creases over 15 bushels per acre from narrow rows. 
The high and low responding lines generally fell Into 
2 distinct classes for each character. Even though there were 
significant "r" values, no statistical significance could be 
claimed for this, since the Intermediate lines did not gen­
erally follow a distinct trend. Most of the correlations re­
ported were due to the extremes as shown by the high or low 
responders. However, by examining the high and the low re­
sponders, it is also possible to examine the relative mag­
nitude of difference of the characters between observations 
and between crosses. This helps in the explanation of why 
crosses differed in which characters were correlated with 
response. 
Ill 
Table 40 combines late light interception values of 
12- and 40-lnch rows for the 3 highest and 3 lowest yield re-
sponders. There was little difference between light inter­
ception values in 12-inch rows of high or low responders. 
However, in 40-inch rows, the high responders were not inter­
cepting as much light as the low responders. There was less 
difference between light Interception values of either the 
high or low responders In the 40-lnch rows of cross 7 than for 
crosses 1 and 4. This will be discussed more elsewhere but 
this is probably the main reason for the lack of correlation 
between yield response and late light interception in cross 7, 
despite the significant relationships for crosses 1 and 4. 
Table 40, Percentage late light interception In 12- and in 
40-Inch rows for the 3 highest and the 3 lowest 
yield responders of crosses 1, 4 and 7, in 19^9 
Type of 
responders 
Cross 1 Cross 4 Cross 7 
40-ln. 12—in. 40-in. 12—In. 40-in. 12—in. 
3 highest 86.0 96.8 88.0 96.0 92.3 97.5 
86.5 96.2 92.0 98.3 93.0 96.8 
85.8 96.0 86.5 94.5 91.2 95.3 
X 86.1 96.3 88.8 96.3 92.2 96.5 
3 lowest 94.0 98.2 97.0 99.7 97.3 99.5 
94.0 99.0 94.2 98.3 94.8 97.3 
91.8 99.2 91.7 98.7 93.7 99.5 
X 93.3 98.8 94.3 98.9 95.3 98.8 
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The rreater overall leaflet areas and the later maturities of 
cross 7 help to explain why there was greater light intercep­
tion by cross 7 lines at the time of the late measurement. 
Tables 38 and 39 also point out the lack of relation­
ship between response and early light interception. The early 
light interception in 12-inch rows was twice as great as that 
in the ^0-inch rows. However, there were much greater dif­
ferences for light Interception between 12-inch and ^0-inch 
rows earlier in the season than later in the season when the 
canopy "closed over". Unlike expectations that lines inter­
cepting less light early in the season should benefit most 
from the better plant distribution in 12-inch rows, it was 
found that early light interception did not differentiate 
lines with different yield response. 
Multiple regression approach to the analysis of yield response 
One of the aims of the experiment was to identify char­
acters that could cause a variety to give a large response to 
narrow rows. Since it would be preferable to select such 
varieties in wide rows, characters of varieties from the 40-
inch rows were related to the dependent variable, yield re­
sponse, in various multiple regression models. 
As discussed in the Materials and Methods section, the 
optimum model for each cross was not sought but various 
complete models were compared for each cross. 
Table 41 lists 2 complete models. The "early" complete 
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Table 41, Multiple regression models of characters measured 
in 40-lnch rows as independent variables with the 
dependent variable, yield response; data is for 
3 crosses in I969 
Dependent, Y = yield response 
"Early" complete model "Late" complete model 
Independent x variables Independent x variables 
1. Yield in 40-inch 1. Yield in 
2. LA early 2. LA late 
3. L/W early 3. L/W late 
4. LDT early 4. LDT late 
5. LI early 5. LI late 
6. CR early 6. CR late 
7. PI. hgt. 7. PI. hgt. 
8. PI. Idg. 8. PI. Idg. 
9. Br. 9. Br. 
10. C. width 10. C. width 
11. PM 11. PM 
"Early" complete model 
minus (yield in 40-inch) 
minus (PM) 
minus (yield+PM 
Characters at maturity above^ 
"Late" complete model 
minus (yield in 40-inch) 
minus (PM) 
minus (yield+PM) 
Characters at maturity above& 
Multiple 
Cross 1 Cross 4 Cross 7 
.71 .59 .69 
.70 .57 .62 
.71 .53 .65 
.70 .53 .62 
.59 .23 .42 
.81 .56 .68 
.81 .55 .63 
.80 .55 .68 
.80 
.55 ,63 
.59 .23 .42 
^Lodging, height, branching, canopy width, PM. 
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model consisted of independent variables measured at maturity 
plus canopy characters measured early In the season. The 
"late" complete model consisted of the same maturity char­
acters plus the same canopy characters measured later in the 
season. In each case, independent variables were measured in 
40-inch rows and the dependent variable was yield response of 
the corresponding varieties. 
The "early" model, as shown by the multiple values, 
accounted for 59 to 71% of the variance in response between 
the lines of the different crosses. The later model accounted 
for $6 to 81% of the variance. 
As can be seen from the values in Table 4l., the drop­
ping of physiological maturity date from the models showed 
little or no effect on the variability of response being ex­
plained, That is, time of maturity (that is, length of the 
growing period) effects on response were also explained by the 
other characters in the model. While this is prima facte 
evidence that time of maturity effects can be explained by 
the characters that are influenced by maturity date, the 
evidence is not unambiguous. The lack of change in R^ due to 
dropping time of physiological maturity from the model is 
probably due to the intercorrelatlons of the other characters 
in the model with time of maturity. In other words, whether 
the real cause of yield response was maturity differences 
(meaning length of the growing period) or characters influ­
enced by time of maturity cannot be answered. It can merely 
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be hypothesized that the characters themselves are the 
causative agents, and, if the character differences could 
be placed in lines of one maturity, similar response dif­
ferences as obtained would occur. 
It was Interesting to note that canopy characters such 
as leaflet characteristics and light interception were ex­
plaining differences in response not explained by the char­
acters measured at maturity. 
Leaf Dimension Relationships 
Between years 
Table 42 summarizes the b' estimates of heritabllity 
obtained from lines grown in both I968 and 1969. b' is the 
most appropriate means of estimating heritabllity in the sense 
that heritabllity is used here, since the lines were in the 
F8 or P9 generation and, therefore, being essentially homozy­
gous, the b' estimates measure the Influence of environment 
on the characters studied. 
In all 3 crosses, there was a very good correspondence 
between the L/W's of the 2 years. However, while there were 
good herltabllities for LxW for crosses 1 and 4, the relation­
ship was not high for cross 7. These results could be ex­
plained by looking at the means and the standard deviations 
of leaflet LxW in Table 43. Cross 7 had much less varia­
bility than the other 2 crosses. LxW in I968 was expressed 
as sq. mm. while in I969, the measure was sq.cm. per 8 
116 
Table 42. b' estimates of herltablllty for leaflet dimen­
sions, calculated between lines of crosses 1, 4 
and 7t grown In I968 and I969 
Cross 1 Cross 4 Cross 7 
Leaflet character n=32 n=32 n=32 
Length/width early .99 .99 .85 
Length/width late .98 .97 .85 
Length x width early .94 .90 .19 
Length x width late .95 .87 .45 
Table 43. Means and standard errors for leaflet dimensions 
In 1968 and I969 for lines In crosses 1, 4 and 7^ 
Cross 1 Cross 4 Cross 7 
Mean S.E. Mean S.E. Mean S.E. 
1968 LxW early 5830 1630 5597 1612 7467 657 
LxW late 4406 1271 4894 1302 5136 475 
1969 LxW early 61.8 17.8 68.7 18.8 94.2 11.5 
LxW late 49.8 14.4 51.3 13.6 55.7 10.4 
1968 L/W early 1.431 .388 1.476 .353 1.499 .071 
L/W late 1.624 .446 1.849 .481 1.870 .180 
1969 L/W early 1.510 .415 1.545 .376 1.642 .074 
L/W late 1.688 .468 1.837 .46? 1.867 .136 
®The lines of crosses 1 and 4 had much smaller leaflets 
than the lines of cross 7. Although not as pronounced, the 
lines of crosses 1 and 4 seemed to have wider (low L/W) 
leaflets than cross 7. 
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leaflets. It would appear likely that the lines in crosses 
1 and 4 obtained their greater leaflet dimension variability 
because the 2 parents in each of these adapted x unadapted 
crosses differed at more loci than the 2 adapted parents of 
cross 7. 
Within years 
Table 44 shows the correlation within years between the 
leaflet dimension characters determined early and late within 
the same year. Again, we see a similar pattern as that be­
tween years. Crosses 1 and 4 gave high positive correlations 
between the early and late measurements, but the association 
of cross 7 for LxW in I968 and in I969 were very low. In 
1969. there was even a high negative association between LxW 
measured early and late in the season. This negative correla­
tion is hard to explain, even by less variability in cross 7. 
Table 44. Correlation (r) between early and late measurgs-
ments of leaflet dimensions within years of crosses 
1, 4 and 7 
r values 
Correlation between Cross 1 Cross 4 Cross 7 
1968 L/W early & late 
1969 L/W early & late 
1968 LxW early & late 
1969 LxW early & late 
.99 .94 .85 
.87 
— « 06 
.99 .97 
. 66 .88 
.92 .91 — «82 
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DISCUSSION 
Morphological Changes 
The soybean crosses used In this study differed greatly 
In quantitative expression of yield and morphological char­
acters, but the pattern of change In expression over time and 
differences In plant populations and row spaclngs were similar 
for all 3 crosses. Quantitative measurements of changes ob­
served In many of the characters examined In this study had 
not been previously reported. 
Leaflet characters 
Although much work has been done on total leaflet area, 
leaf area Index and other gross descriptions of the soybean 
canopy, little has been done in soybeans to describe changes 
In leaflet dimensions that occur over a time period and the 
effects of different managements on these dimensions. 
The leaflet characters examined Illustrated the dynamic 
nature of the canopy development, which varied according to 
the stage of development and the management conditions. 
Leaflets were larger earlier In the season. At the earlier 
measurement (approximately beginning bloom), the leaflets 
were larger in 12-inch rows or in low plant populations. Be­
sides being smaller at the later measurement (late seed stage 
which was about 1 week from time of maturity), there were no 
leaflet size differences between row spaclngs or between plant 
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populations. Leaflets did not differ In shape between manage­
ments, but later in the season, the leaflets did become 
narrower. 
As it happens, these changes in the leaflet dimensions 
of the canopy coincide with the change from vegetative to the 
reproductive stage. Early in the season, while the soybean 
plant is still in the vegetative phase, the canopy does not 
cover all the ground area and full interception of light is 
aided by the larger leaflets. The change to smaller and 
narrow leaflets correspond to the observed "opening" of the 
canopy with approaching maturity date. This "opening" of the 
canopy is probably advantageous for the plant as it would 
allow light and CO2 circulation to the developing pods and 
supporting leavest and, hence, help the pods reach full size 
at maturity. 
However, the changes in leaflet size and shape is probably 
a reflection of competitive stresses and changing sinks. The 
larger leaflet areas of 12-inch rows or low plant populations 
early in the season are a reflection of the greater ground 
area per plant and less competition of these managements. 
Plants in 12-lnch rows are more evenly distributed than plants 
in ^0-inch rows at the same plant population and, hence, ~ 
&TÛ able to grow more early in the season before encountering 
the competitive effects of other plants. We would expect 
larger leaflet area to be a consequence of less plant compe­
tition when the plants are in the vegetative phase and leaf 
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development Is a major sink. However, with the onset of the 
reproductive phase, the sink changes from leaf development 
to seed filling. The area of the terminal leaflet of the 
fourth leaf that was measured later in the season was smaller 
for all managements than that measured early in the season. 
It could be argued that the reason for smaller leaflets later 
in the season, besides being affected by a sink effect, could 
also be due to the increased competitive stresses occurring 
between plants in the canopies that have closed over. This 
would be a likely explanation for the different plant popula­
tions and row spacings having leaflets of the same size late 
in the season. Plants in 12-inch rows probably had as much 
competitive stress later in the season as ^ 0-inch rows be­
cause the canopy in 12-inch rows developed more branches. 
The percent decrease in leaflet area with time was greater 
for 12-inch rows than 40-inoh rows (Table 6) because the 
leaflets in 12-inch rows were larger at the first measure­
ment. 
It was noticed that leaflet areas in cross 7 were larger 
than In crosses 1 and This was probably not merely a time 
of maturity effect since the leaflets were larger at the first 
measurement before one would expect time of maturity effects 
to be marked. 
Similar to results reported by Domhoff and Shibles 
(1970), the leaf density-thickness increased over time in this 
study. In a period of about a month, the leaf density-
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thickness doubled, in value. 
Light interception 
Light interception was a reflection of many of the canopy 
changes. Twelve-inch rows had better plant distribution and 
were able to intercept much more light early in the season 
than the ^ 0-inch rows (Table 6). There were significant dif­
ferences between plant populations early in the season but 
not late In the season. Light interception early in the sea­
son was a reflection of the ability of the canopy to cover 
the ground area. Later in the season, although the actual mag­
nitude of the light interception value indicated that most of 
the light was being intercepted, light interception reflected 
differences in canopy types. Data in Table 36 showed that 
late light interception was significantly related to characters 
such as canopy width, plant height, branching, lodging and 
maturity date, but Table 37 showed that early light intercep­
tion was not related to these characters. Lower light inter­
ception values late in the season of some lines could be due 
to the opening of the canopies due to the early onset of the 
time of maturity effect. 
It was obvious during the growing season that the lines 
of cross 7 showed plant characteristics that are normally con­
sidered desirable in wide rows. The lines of cross 7 were 
more vigorous, had less branching, less lodging and their 
greater vegetative growth showed more light intercepted 
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(Table 5 ) .  Part of the advantage In light interception of 
cross 7 could be due to the larger leaflet areas of this 
cross. The "desirable" plant characteristics of cross 7 were 
due to the adapted parents of that cross. 
Plant height 
The height of soybean lines was one of the main factors 
associated with light interception early (see correlations 
with canopy height in Appendix Table 55) in 40-inch rows. 
Canopy height was not measured in 12-lnch rows, but It would 
be unlikely that it would have been as important in 12-lnch 
rows as a means of early light Interception. As shown by the 
high correlations between late light Interception and plant 
height in 40-inoh rows, plant height had an Important influ­
ence on light interception late in the season. 
Plants In 12-inch rows were approximately 10 cm. taller 
than in ^ 0-inch rows at maturity. Large differences in canopy 
height between plant populations were noted visually during 
the season, but at time of maturity there were no significant 
differences in height among plant populations. Greater com­
petition for light in high plant populations probably caused 
plants to grow taller earlier in the season, but the light 
competition was probably just as great later in the season for 
low plant populations and, hence, no differences in height 
among plant populations occurred at maturity. Similarly, 
competition for light would be greater in 12-lnch rows than 
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in 40-lnoh rows at both the early and late measurements. 
Height of different lines was determined greatly by 
maturity date differences between lines. With indeterminate 
soybeans, a longer growth period meant taller plants. 
Branchinp: 
Branching was greater in 12-inch rows and at low plant 
populations. On the average, lines in crosses 1 and had 
at least one more branch per plant than the lines in cross 7. 
The greater branching in these crosses could have been inher­
ited from the Wasedaizu parent. Branching was one means by 
which lower plant populations were able to intercept as much 
light later in the season despite the early disadvantage. 
Branching would be more important in intercepting light in 
crosses 1 and 4, since the lines in these crosses were less 
vegetative than lines in cross 7. 
Branching is caused primarily by light initiating bud 
development, particularly before the reproductive period com­
mences. The more uniform spacing arrangement in 12-inch rows 
would allow more branches to be initiated than in the closely 
spaced plants in 40-lnch rows. Lines in crosses 1 and 4 had 
more branches than cross 7 probably because the less vegetative 
development in these crosses allowed light to initiate more 
branches. 
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Yield 
There were large differences in yield between 12- and 
40-inch rows, but there were no differences in yield between 
plant populations (Tables 5 and 9). Large differences in 
early light interception between row spacings could explain 
the yield advantage of 12-inch rows. However, there were 
large advantages in early light interception for higher plant 
populations (Table 10), which did not result in yield advan­
tages, Although the light interception differences among 
plant populations were not as large as those for row spacings, 
these results indicated that other factors were operating to 
cause yield differences besides differences in the amount of 
early light interception. There was a tendency for lower 
plant populations to be slightly later in maturity and to have 
more branches—factors that would increase yields of lower 
plant populations. On the other hand, high populations lodged 
more which would tend to lower yields (Table 9). The inter­
action of factors tending to raise and lower yields in the 
different plant populations resulted in no differences in 
yield between plant populations. 
This study was designed mainly to examine plant char­
acters affecting yield of different genetic lines in different 
managements, rather than to explain what caused the magnitude 
of the differences between row spacings or plant populations. 
Plant characters that were related to yield in 40-lnch rows 
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were not necessarily related in 12-inch rows (Table 12). 
Maturity date 
Time of maturity was significantly related to yield in 
40-inch rows. This was in agreement with reported associa­
tions of yield and maturity in wide rows by Weber and 
Moorthy (1952) and Johnson et al. (1955)« However, 
there were no significant associations between yield and 
maturity in narrow rows. 
Cross 1 had different associations of yield and the 
reproductive lengths than the other 2 crosses. There were 
also indications that in 12-inch rows, the highest yielding 
lines of cross 1 had shorter growing periods (PM) than the 
lowest yielding lines (Table 15). The lowest yielding lines 
in 12-inch rows had very late beginning bloom dates. As 
pointed out by Shibles and Green (1969)1 an early onset of 
flowering would be particularly desirable in narrow rows 
since there would be no need to delay flowering past the time 
of full light interception. These results, in one cross, 
point out the undesirable effects of delayed flowering in 
narrow rows. Although cross 4 had lines that began flowering 
as late as lines in cross 1, the lines in cross 4 were able 
to compensate for the late flowering by having later maturity 
dates, Shibles and Green (I969) also hypothesized that late 
flowering would not be at such a disadvantage in wide rows, 
since later flowering would give the canopy time to develop 
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sufficiently to support greater pod development. In cross 1, 
two of the very late flowering lines were among the highest 
yielding in 40-inch rows (Table 16). 
In crosses 4 and 7» the lengths of the reproductive and 
seed filling stages were significantly related to yield in 
4-0-inch rows but not in 12-inch rows. There were significant 
positive associations between the overall length of growing 
periods (PM) and the lengths of the reproductive and seed 
filling periods in these crosses and hence, the significant 
associations of yield with reproductive and seed filling 
periods in 40-inch rows was expected (Tables 12 and 14). 
In 40-inch rows, the canopy did not reach full light intercep­
tion until near the end of the season. One would expect the 
canopy to be able to support new reproductive development at 
least until full light interception, since available light 
energy and photosynthate would be increasing till then. Since 
full light Interception occurred near beginning bloom in 12-
Inch rows, the time to maturity or the reproductive stages 
were not Important for higher yields. The different associa­
tions of yield and reproductive lengths in cross 1 from that 
in crosses 4 and 7 were due to the lack of association between 
the lengths of the reproductive and seed filling periods with 
the length of the overall growing period (PM). 
Although it cannot be proven in this study, there were 
good indications that the higher yields of lines in cross 7 
were due to the longer lengths of the reproductive and seed 
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filling phases of the lines in this cross relative to those 
in crosses 1 and 4 (Table 1?). The lines in cross 7 had re­
productive periods averaging 7 and 11 days longer than crosses 
4 and 1, respectively. Lines in cross 7» however, were only 
2 to 5 days longer in overall growing periods. A study at 
Guelph (J. W. Tanner, personal communication), has shown that 
any decrease in the seed filling period of soybeans result in 
lower yields. 
These results indicate that time to maturity and repro­
ductive period lengths have their greatest importance in wide 
rows. There were indications in one cross which had suffi­
cient variability for date of flowering, that early onset of 
flowering was more important in narrow rows than in wide rows. 
The reasons for the difference in Importance of maturity in 
12- and 40-inch rows will be examined next in terms of other 
plant characters. 
Light interception 
The key to the factors affecting yield in 12- or 40-lnch 
rows was light interception. Plant characters such as height, 
branching, canopy width and, in part, time to maturity, in­
fluenced yield through their effects of light interception. 
Early light interception is essential for high yields 
(Shibles and Weber, 1966b). The magnitude of the yield differ­
ences between 12- and 40-inch rows in this study was very 
likely due to the earlier Interception of the majority of 
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solar energy "by 12-inch rows. However, when lines that dif­
fered somewhat in early light interception were compared, 
there were no significant relationships in 40-inch rows be­
tween yield and early light interception (Table 12). There 
are a number of possible reasons for this apparent anomaly. 
The differences in early light interception between lines 
were very small compared to the large early light intercep­
tion differences between row spacings. Alternatively, it was 
shown in the results that early light interception was not 
related to plant characters that developed after the early 
measurements (Table 37). That is, characters such as height, 
branching, lodging and canopy width, that continued to develop 
until late in the season caused yield differences between lines 
in ^0-inch rows. Early light interception was unimportant in 
differentiating yield levels of lines in ^0-inch rows. 
In 12-inch rows, however, early light interception was 
significantly related to yield in 2 of the crosses (Table 12). 
Plant characters (height, branching, canopy width, maturity 
date) that were important in affecting yield in 40-inch rows 
were not important in 12-inch rows. Therefore, in 12-inch 
rows, the advantages of early light interception would not be 
outweighed by plant characters that developed after the 
early measurement of light interception. 
Late light interception was significantly related to 
yield in 40-lnoh rows for all crosses (Table 12). Late 
light interception took into account the various plant 
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characters (height, "branching, canopy width, maturity date) 
that would influence yield, A low late light interception 
value in 40-inch rows generally indicated that the line had 
not completely closed over and, hence, had less total light 
energy for seed production. 
More light was Intercepted in 12-inch rows than in 40-
inch rows at the late measurement. Moreover, 12-inch rows 
had been intercepting a major portion of the light from the 
time of flowering commencement. Hence, since light intercep­
tion had probably not been limiting the yield of any lines in 
12-inch rows, there were no correlations between late light 
interception and yield in 12-inch rows. 
Many of the characters to be discussed next had their 
effects on yield because they influenced light interception. 
Height 
Before discussing the general principles of the effect 
of height on yield in soybeans, the relationships encountered 
in cross 1 will be discussed because this cross responded 
differently than the other two crosses. Lines in cross 1 
showed no relationships between height and yield in 40-inch 
rows, but short plants were significantly higher yielding in 
12-inch rows. There was variability for height in cross 1 
and the reduced yield from taller plants was not due to lodging 
in 12-inch rows (Table 19). The reasons for the different 
height relationships in cross 1 must be due to the peculiar 
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maturity characteristics of the lines in cross 1. Yield in 
12-inch rows was related to the reproductive and seed filling 
periods but it was possible to have lines that had long grow­
ing periods (PM) but relatively short reproductive and seed 
filling periods. Since the length of growing period helped 
determine height, taller plants that had short reproductive 
periods would be at a particular disadvantage in 12-inch rows. 
In ^0-inch rows, cross 1 was the only cross that had a sig­
nificant relationship between yield and canopy width, but 
height in cross 1 was not related to yield in 40-inch rows. 
In crosses 4 and 7, there were significant positive 
correlations between yield and height in 40-inch rows but not 
in 12-inch rows. Correlations of high yield and taller plants 
in wide rows have been reported earlier (Weber and Moorthy, 
1952). In this study, the correlation was in part due to 
later lines being taller and higher yielding. A more basic 
reason, as discussed by Shibles and Green (I969), could be 
that in wide rows big plants are needed in order to fill in 
the inter-row space and Intercept light. This explanation 
was suggested by these results since height was not related 
to yield in 12-inch rows. Plants in 12-inch rows did not 
need extra height in order to intercept maximum light, since 
the better plant distribution resulted in maximum light 
interception at about the time of flowering. 
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BranchIng 
Branching was greater In 12-lnch rows. This was because 
plants had more area to grow in 12- than in 40-lnch rows 
(Table 5)• The implications of more branching on yield are 
great and have not generally been appreciated. Branching of 
different lines was not correlated with the yield of those 
lines in 12-inch rows, although there were some significant 
correlations in 40-inch rows. However, differences in 
branching among lines were really very small, and, hence, 
might not be expected to be related to yield. In 40-inch 
rows, taller plants should be favored in yield not only be­
cause of greater light interception but also because taller, 
later maturing plants might produce more nodes on which the 
yield potential could be realized. In 12-inch rows, height 
was not related to yield because the extra branches in 12-
inch rows provided the sites for the yield potential. Shorter 
plants do not mean that plant populations have to be greater 
in narrower rows. 
Branching also explains why there were no yield differ­
ences among plant populations; branching compensated for any 
extra area available for plant development. These results 
pointed out that branching is a plant characteristic that can 
be controlled by planting rates and managements. Although 
plant populations did not have to be higher in narrow rows 
for high yields in this study, it may still be desirable to 
suppress branching by higher populations since branching is 
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not a desirable characteristic for harvesting. 
Lodging 
There was no relationships between lodging and yield. 
This is readily explainable because of the time of maturity 
differences between the lines. Late lines were taller and 
lodged more than early lines. However, the later lines were 
also higher yielding (Tables 13 and I9). Therefore, although 
lodging normally decreases yields (Cooper, I969), this rela­
tionship could not be detected in this study because the 
lodged lines were much higher yielding than the non-lodged 
lines. 
Leaflet characters 
There were no significant relationships or trends between 
leaflet areas or shapes and yield in ^0-inch rows. The rela­
tionships between these characters and yield were poor in 12-
inch rows also, although narrower leaflets were significantly 
related to yield in cross 1. We would not expect leaflet 
sizes or shapes to be related to yield in wide rows, but 
smaller or narrower leaflets in narrower rows would fit into 
model characteristics proposed for narrow row, high production 
conditions. However, the fact that there were not any rela­
tionships in this study was not surprising, considering the 
complex nature of yield. 
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Canopy ratings 
It was not possible to distinguish yield performance of 
lines solely with a canopy rating based on light entering the 
canopy. 
The lack of correlation between leaflet characters or 
canopy ratings and yield does not necessarily imply that they 
lack importance for yield. The differences between lines in 
this study for those characters were not really great, and 
there were some confusing effects of time to maturity (Table 
28). It is very difficult to obtain unambiguous evidence for 
the desirability of canopy characteristics for increased yield. 
It could be that the greatest potential yield can be obtained 
with model characters for high production environments pro­
posed in the literature, but that they require a very specific 
genotype for their expression. In other words, considerable 
breeding effort would be necessary to obtain a variety with 
greater yield due, in part, to model characters. At present, 
there is still no evidence that high yielding types in narrow 
rows can be isolated simply by selection of certain morpho­
logical characteristics. From this study, it seems that it 
would be even more difficult to use morphological characters 
for selection in narrow rows than in wide rows. At least in 
wide rows there are fairly strong relationships between such 
characters as maturity or height and yield. The possibility 
of using yield in 40-lnch rows plus other morphological 
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characters to predict yield in 12-inch rows was not encourag­
ing (Tables 25 to 27). Morphological characters did improve 
the 12-inch yield prediction over the prediction from 40-
inch yield alone, but the importance of any one morphological 
character was small. It was also apparent that the importance 
of mor&hologlcal characters would vary greatly with the cross 
from which the lines were derived. 
Nevertheless, the correlation results showed that char­
acters such as height, light interception, branching and 
maturity date, that are important for yield in wide rows, are 
not important for yield in narrow rows. There were no sig­
nificant correlations in 12-inch rows which contradicted those 
in 40-inch rows. For example, shorter plants were not sig­
nificantly related to yield in 12-inch rows, except in cross 1, 
and the reasons shorter plants were higher yielding in 12-
inch rows for cross 1 was probably due to the unusual repro­
ductive periods discussed earlier. However, if the lines had 
possessed similar maturity date but different heights, sig­
nificant correlations with signs opposite to those obtained in 
40-inch rows might have occurred. The shorter plants were at 
a yield disadvantage because of earlier maturity, which could 
only be partially overcome by the narrow row production. A 
taller plant is needed in wide rows to intercept maximum light 
energy, but it is not important in narrow rows. Similarly, 
if a line does not develop a sufficient canopy to reach full 
light interception late in the season, it will be lower 
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yielding in 40-inch rows. However, it will probably inter­
cept full light in 12-inch rows and, hence, it will not be at 
a yield disadvantage in 12-inch rows. Branching is an im­
portant character for a line in wide rows but not in narrow 
rows if the plant population is high enough. The time to 
maturity effects precluded any conclusions being made about 
the importance of lodging and yield. However, if lodging is 
greater in narrow rows, we would expect shorter plants to be 
able to resist lodging and yield more in narrow rows. 
The different relative importance of characters is wide 
and narrow rows suggests that a different type of plant is 
required for highest yields in narrow rows. This will be 
discussed further with regard to genotype x row spacing inter­
actions and yield responses of different lines to narrow rows. 
Yield Response 
Yield response to narrow rows was reported as an actual 
response or as a percent response relative to the lower 
yielding 40-Inch rows. Response is normally reported in the 
literature on a percent basis, since it enables the effective­
ness of narrow rows to be compared between regions, and it 
enables response comparisons to be made relative to the yield 
level base. If yield responses of 2 lines are equal, response 
expressed as a percent will be higher for the low yielding 
line. Prom a strict yield viewpoint, this is undesirable 
since the lower percent responder will actually be higher 
136 
yielding. In other words, actual response or percent response 
are statistics that can have different meanings. Actual yield 
response was mainly used in this study because the main inter­
est was the genotype x row spacing interaction, and actual 
yield response was a direct measure of that interaction. 
The different correlations between yield and plant char­
acters in 12-lnch and 40-inoh rows implied that different 
types of plant were required in 12-inch and 40-inch rows. The 
important characteristic in a breeding program is actual yield, 
but we are dealing with yield in 2 different environments-
wide and narrow rows. If there are characters that give im­
proved performance in narrow rows, they should be identified 
by their ability to explain any genotype x row spacing inter­
actions. Since the genotype x row spacing interaction corre­
sponds to actual yield responses of the lines, then characters 
of the lines that cause genotype x row spacing Interactions 
should be related to yield response of the lines. Although 
actual yield in narrow rows Is of prime Importance, the identi­
fication of characters that contribute to a high response can 
be important If they can Increase the yield in narrow rows of 
lines that are already high yielding in wide rows. That Is, 
we first have to identify the plant characters which give a 
high yield response, and then determine if these characters 
in a high yielding background can give even higher yields in 
narrow rows. 
It was found that there were significant genotype x row 
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spacing Interactions for yield In crosses 1 and 4 but not In 
cross 7. This meant that lines of crosses 1 and 4 performed 
differently when grown In 12-Inch rows than when grown In 
40-lnch rows. Another way of expressing this Is that there 
were significant yield response differences among lines in 
crosses 1 and 4 but not in cross 7. These interactions are 
quite common in plant breeding and are generally referred to 
as genotype x environment interactions. The plant breeder 
can approach the problem of genotype x environment interac­
tions in two ways. Firstly, the breeder can breed varieties 
that have low genotype x environment Interactions or exhibit 
homeostasis. This approach is commonly used by cereal breed­
ers in areas of variable rainfall where the environment is 
unpredictable. The second approach is used by the plant 
breeder when the environment can be defined. In this situa­
tion, the plant breeder develops a variety for each environ­
ment. This latter approach has been used, particularly for 
high production environments. It has been used in Iowa for 
oats by dividing the state into areas of similar environment 
and recommending varieties within each area (Homer and Frey, 
1957). Genotype x environment interactions reduce the effec­
tiveness of selection or, in the case of genotype x row spacing 
interactions, they mean that varieties that perform well in 
wide rows will not be necessarily the same varieties that 
perform well in narrow rows. The row spacing management is 
clearly defined and varieties adapted to narrow rows should 
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be easy to develop. However, breeding soybeans in narrow 
rows presents some practical breeding problems, and selec­
tion in wide rows, at least in the preliminary stages, would 
be desirable. Since the row spacing management is so easily 
defined, characters that aid in obtaining a high response to 
narrow rows could possibly be selected in wide rows. Perform­
ance in wide rows would not be indicative of the performance 
of a line in narrow rows; hence, a variety that has characters 
that are known to give a high response but does not yield the 
highest in wide rows might be saved for further testing in 
narrow rows. Alternatively, it might be possible to use 
yield performance in wide rows and the characters related 
to a high yield response to obtain a prediction of high yield 
in narrow rows. 
Table 30 shows that although cross 7 did not have sig­
nificant response differences among lines, there were large 
differences in the magnitude of response. It would seem that 
crosses 1 and 4 inherited their greater response differences 
from the unadapted parent, Wasedalzu. Crosses 1 and 4 had 
greater variability for the different plant characters 
(Tables 34 and 35) which, it will be shown, were related to 
response. The Wasedalzu parent presumably differed greatly 
genetically and phenotyplcally from the Chippewa and Harosoy 
parents. Therefore, we would expect greater variability from 
crosses involving Wasedalzu. However, the canopies of Chippewa 
and Harosoy, the two parents of cross 7» were not greatly 
139 
different and we cannot Infer that all adapted crosses would 
not show genotype x row spacing Interactions. We would ex­
pect significant Interactions from lines derived from crosses 
of parents that differ In canopy type or In yield responses. 
There Is another way of looking at genotype x row spacing 
Interactions. We could regard the Interactions of crosses 
1 and 4 as being due to the lack of stability of lines de­
rived from crosses Involving an unadapted parent and the lack 
of Interactions among lines from the cross Involving 2 
adapted parents (cross 7) as being due to their stability 
over the 2 environments. Indeed, the significant genotype x 
row spacing interactions for lodging and height in crosses 1 
and 4 Indicated a lack of stability in performance of some 
lines. This Interpretation will not be dealt with further, 
as it should not Influence the interpretation of the factors 
involved in response to narrow rows. 
It Is interesting to note, from Table 30, that the actual 
magnitude of the yield response between crosses increased 
with the yield level of the cross; cross 1 had the lowest 
mean yield response and the lowest yield while cross 7 had 
the highest yield response and yield level. Hark, the check 
variety, had the greatest yield level of any line in the 
experiment and greatest actual yield response. However, Hark 
was selected as the check variety because of its expected 
high yield response, and because It was an adapted variety. 
When we look at percent response, we see that there are not 
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great differences among the crosses or between the crosses 
and Hark. It would seem from these results that adapted 
material is capable of higher overall actual responses , al­
though the relationship that high yielders give greater yield 
responses is not necessarily true within any one cross. It 
should also be noticed that there were lines within all 
crosses that gave very high responses. These response re­
sults seem to contradict the belief that high responses are 
only obtained from low yielding environments (Cartter and 
Hartwig, 1962). The yield levels (3^.5 and 47.2 bu./A, 
respectively, for 40-inch and 12-inch rows) were quite high 
In an experiment Involving so much unadapted material, and 
the average yield response of 38.1# was higher than any pre­
vious response reported in the literature. 
High response was mainly obtained from lines that were 
high yielding in 12-inch rows since there was a lack of corre­
lation between response and yield in 40-inch rows (Table 3I). 
That is, lines could give a high response if they were high 
or low yielding in 40-inch rows, but a high responding line 
was characteristically high yielding in 12-inch rows. There 
was a trend for the lines with the highest yield response to 
be lower yielding In 40-inch rows than the lowest responding 
lines, but they were also higher yielding In 12-lnch rows 
(Table 32). The highest responders were not generally the 
highest yielding lines in 12-lnch rows but 2 of the highest 
responding lines in cross 1 were second and third highest 
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yielding in 12-inch rows. This Indicates that it is possible 
to have high responding lines that are also high yielding—par­
ticularly, if selection is made from a large population rather 
than the small samples of lines in this study. 
Correlations between the yield response and plant char­
acters of lines in each cross help to explain the genotype x 
row spacing interactions for yield. The responses of lines 
in crosses 1 and 4 were significantly related to many char­
acters but the responses of lines in cross 7 were not sig­
nificantly related to many of these characters. Plant char­
acters showing different relationships with response for 
crosses 1 and 4 versus cross 7 will be discussed first. 
Crosses 1 and 4 had significant relationships between 
response and the characters: time to maturity, height, late 
light interception and leaflet characters (Table 33). Cross 
7 did not have significant relationships between response and 
these characters. It should be remembered that cross 7 also 
did not have significant differences between the yield re­
sponses of its lines. 
Light interception 
From the llteraWre, we would expect the greatest yield 
response from those lines that could not intercept most of 
the incident light energy in 40-lnch rows. The results showed 
that early light interception in 40-inch rows was not related 
to response, but late light interception was significantly 
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related to response In crosses 1 and 4 but not In cross 7 
(Table 33). Cross 7 had larger leaflets and greater light 
interception than the other 2 crosses. The larger leaflets 
and greater light interception were apparently not due to 
the later maturity of cross 7. The lack of relationship 
between yield response and light interception in cross 7 can 
be explained in terms of the greater light interception of the 
more vegetative lines of cross 7. We saw that there was no 
relationship between yield in 12-inch rows and late light 
interception, because most of the lines in 12-inch rows were 
intercepting maximum light. Lines that were not intercepting 
maximum light in 40-inch rows were lower yielding. Therefore, 
because of the better plant distribution, those lines would 
give a higher response when they were grown in 12-inch rows 
and were allowed to intercept maximum light. There were no 
significant differences among the responses of lines in cross 
7, because these lines had greater canopy development than 
lines in crosses 1 and 4, resulting in the interception of 
most of the light. There were not the canopy differences 
between lines that existed in crosses 1 and 4. 
From this discussion, it is seen that light interception 
late in the season was a means of differentiating lines with 
different response. Even though the lines in cross 7 did not 
differ significantly for response, they did have actual or 
percent responses approximately equal in magnitude to the 
other crosses. The lack of correlation between early light 
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interception and yield response indicated that lines became 
differentiated for response characteristics as the lines de­
velop later in the season. The differences between some of 
the factors that could have caused response differences be­
tween lines were not as great as the large differences that 
existed between these factors in wide and narrow rows. For 
example, we saw that differences in light*interception over the 
whole season and differences in branching were much greater 
between row spacings than between lines. 
Shorter plants were significantly related to higher yield 
responses in crosses 1 and 4 but not in cross 7, This was 
probably one of the main plant characters causing the rela­
tionship between light interception and response. Height 
would have been an important factor in light interception be­
cause height was normally associated with the size of the 
canopy. This was particularly true of crosses 1 and 4. The 
lines in cross 7, however, were more vegetative than the lines 
in the other crosses—as evidenced by the larger leaflets 
in cross 7. Also, there was more variability for height in 
crosses 1 and 4 than in cross 7 (Tables 34 and 35)» Be­
sides leaflets being larger in cross 7, there was less varia­
bility for leaflet area and leaflet L/W than in crosses 1 
and 4. 
In summary, the differences between crosses 1 and 4 
versus 7 for the relationships of response with height and 
leaflet characters support the hypothesis that differences in 
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light interception are primarily responsible for lines dif­
fering in response. The light interception of a line is 
determined by the canopy's vegetative development; plant 
height and leaflet characters influence vegetative development. 
It was seen in Table 28 that the 3 characters discussed, 
light interception, plant height and leaflet characters, were 
related to time of maturity. It has been recognized that 
earlier, smaller varieties give greater yield responses to 
narrow rows (Cooper and Lambert, I965). It is hypothesized 
here, however, that it is not the time to maturity itself 
that causes differences in response but, rather, the plant 
characters that have different quantitative expressions 
associated with differing maturity. Light interception would 
be a primary character and it, in turn, would be influenced 
by characters such as height, branching, lodging and leaflet 
characters. 
The differences between crosses 1 and 4, and cross 7 
support the contention that time to maturity itself only 
causes differences in the expression of plant characters. 
Lines in cross 7 had greater spread in maturity dates (Table 
17) than the lines in cross 1, and yet, there were significant 
differences in response between lines of cross 1 and signifi­
cant associations of response and plant characters. Also, 
cross 7 had a 12-day range in time of maturity but there were 
no significant differences between lines in response. This 
implies that time of maturity is not the main factor affecting 
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yield response. It was also seen that there was indirect 
evidence from multiple regression models (Table 41) to sug­
gest that response variability could be explained equally as 
well by plant characters without maturity in the model. 
Other plant characters related to response were; 
Canopy ratings 
There was a consistent pattern for lines with more open 
canopies later in the season to have greater yield responses 
(Table 33). Since canopy ratings were mainly based on light 
interception at the late measurement (Tables 23 and 24), the 
relationships with response were not surprising. However, it 
could be said that the more open canopies were due to lines 
that were earlier, and hence, were showing the opening of 
the canopy that occurs near time of maturity. Open types 
that give higher responses fit well the types for narrow 
rows proposed by Shibles and Green ( I969) .  
Leaf density-thickness 
Yield response was significantly related to LDT In all 
3 crosses at the later measurement (Table 33)• This agrees 
with the relationship found by Tsunoda (1969b) between the 
leaf area to leaf weight ratio and response to fertility 
conditions. High fertility conditions are analogous to 
the high production conditions of 12-lnch rows in this study. 
Tsunoda hypothesized that a high responding variety would 
have thicker leaves "because thicker leaves would be associated 
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with a lower growth rate. Slower growth rate or less vigor­
ous plants have also been claimed to be desirable by Donald 
(1968) for higher production environments. In this study, 
leaf density-thickness could have been related to response 
for the above reasons, but it seems more likely that the 
relationship was an indirect one; leaf density-thickness 
was higher for earlier varieties and earlier varieties were 
higher responding because of the other plant characters 
determined by length of the growing period. 
Lodging 
The significant negative correlations between plant 
lodging in 12-inch rows and response to narrow rows shows 
the importance of lodging resistance in obtaining high re­
sponses. It also points indirectly to the importance of 
lodging with its effect on decreasing seed yield. No rela­
tionship was found between lodging and actual yield; pre­
sumably, because the later lines that lodged were still higher 
yielding than the earlier lines that did not lodge. Response 
was mainly related to the ability of lines to give high yields 
in 12-inch rows and, hence, lodging would be expected to be 
more important in narrow rows because it can reduce the mag­
nitude of the yield response. Indeed, Shaw and Weber's (I967) 
work indicates that a moderate amount of lodging in wide rows 
is advantageous in helping attain maximum light interception. 
One would expect some lodging in wide rows to be particularly 
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advantageous under environmental conditions that restrict 
plant development or in varieties that do not have a large 
vegetative canopy. 
Branching 
Differences in branching among lines were not signifi­
cantly related to yield response. However, under the condi­
tions in this experiment, branching probably contributed to 
the magnitude of the yield response. For example, branching 
was greater in 12-inch versus 40-inch rows and could provide 
sites for more pod development. Although higher early light 
interception in narrow rows was mainly a function of better 
plant distribution, branching could have increased light in­
terception. High responses from narrow rows, however, could 
also be obtained without branching by Increasing plant popula­
tions in narrow rows. 
In summary, there seemed to be a particular type of 
plant associated with high yield responses. This was true 
of cross 7 even though the differences in plant types were 
not as great in this cross and there were no significant dif­
ferences between lines for response. 
High responding lines were earlier, shorter, intercepted 
less light in 40-lnch rows late in the season, lodged less 
(particularly in 12-inch rows), and had larger seeds than low 
responding lines. The larger response of high responding 
lines seemed to be achieved mainly by these lines yielding 
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much higher In 12-lnch rows. High responding lines had 
more open canopies than low responding lines. 
The relative Importance of the different characters 
affecting response could not be separated except by hypoth­
esis. This was "because of the close interrelationships of 
characters with the length of the growth period (Table 28). 
Leaflet Heritabllltles 
Leaflet characters (leaflet area or leaflet L/W) were 
related to response in crosses having variability for those 
characters. They could also be related to yield, but this 
study was not able to verify any such relationships because 
of the confounding effect of maturity dates; earlier lines, 
that had smaller and. narrower leaflets, were lower yielding. 
The check variety, Hark, does offer encouragement for the 
usefulness of smaller leaflets. Hark has smaller leaflets 
than most commercial varieties and it is also high yielding 
and gives a high seed yield response to narrow rows. 
The results in this study indicated very high herita­
bllltles for leaflet characters in crosses 1 and 4 but not 
for cross 7 (Table ^1-2). Crosses 1 and 4 had more variability 
for leaflet LxW and L/W than cross ?• Leaflet L/W, which 
gives some indication of the narrowness of the leaflet, had 
fairly high heritabllltles in cross 7 although cross 7 did 
have less variability than the other crosses. The herita-
billty estimate fox leaflet area in cross 7 was very low. 
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The conclusions from these results are that selection 
for leaflet area or shape should be possible if variability 
for the characters exist. The herltabllltles normally would 
not be as high as In this study, unless a large number of 
leaflets are measured. The number of leaflets measured per 
line In this study was 144 and 96, respectively, for I968 
and 1969. A plant breeder with a large number of lines would 
measure only a few leaflets or might even make visual selec­
tions for leaflet characteristics. 
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SUMMARY AND CONCLUSIONS 
Three populations of unselected, advanced generation 
lines of soybeans were grown in ^0-inch and 12-inch rows, 
and in 3 plant populations within each row spacing in I968 
and 1969. Plant characters were evaluated to determine 
characters influencing yield and yield response to narrow rows. 
This study indicated that plant characters influencing 
seed yield in wide rows were not necessarily important in 
narrow rows. The differences in importance of characters 
affecting yield in the 2 row spacings were due primarily to 
differences in light Interception. 
It was easier to define the type of plant required for 
^0-inch rows than that needed for 12-lnch rows. In 4^-inch 
rows, a plant type was needed that could rapidly close over 
and intercept most of the light energy. Lines that did not 
close over, especially by the end of the season, were at an 
obvious yield disadvantage in ^0-inch rows. Plant height 
was usually a good indication of a canopy that closed over 
to Intercept most of the light in 40-inch rows. Larger leaf­
lets and generally greater vegetative development of cross 7 
lines aided in attaining greater light interception in that 
cross. Branching in crosses 1 and 4 or wider canopies in cross 
1 also seemed to increase light Interception and seed yields— 
probably because there was more variability for the characters 
in those crosses. Time to physiological maturity which 
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Indicated the overall growth period was a good guide to high 
yields In wide rows as later lines often reached full light 
interception in wide rows. 
In 12-lnch rows, all lines were intercepting most of the 
light energy by the commencement of flowering. Since light 
interception was not limiting, the type of plant required in 
12-lnch rows could not be defined by plant characters increas­
ing light interception. Hence, height, branching and maturity 
were not correlated with yield in 12-inch rows. The lack of 
correlation of these characters with yield in 12-lnch rows 
strongly suggests that a different type of plant is required 
for narrow-row soybean production. The actual characteristics 
desirable for a soybean type suited to narrow rows were not 
obvious from the correlation of characters with yield in 
12-inch rows. The range in maturity dates could have been a 
confounding effect masking the advantages of some characters 
in narrow rows. For example, earlier lines are probably 
advantageous in narrow rows but some of the lines would have 
been too early even for narrow rows. Also, the very late 
lines would be taller and lodge more than earlier lines, but 
they could still be higher yielding than early, non-lodged 
lines. However, response data did Indicate that less lodging 
and shorter plants were desirable for greater yield response. 
Further studies with lines having less spread in maturity 
date, but having variability for plant characters, would be 
needed to adequately test whether slightly earlier lines that 
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are shorter and lodge less, are the types particularly suited 
to narrow rows. The effect of differing maturity dates also 
precluded any conclusions to be made about the importance of 
characters, such as leaflet size or shape and canopy ratings, 
which would presumably help in the identification of char­
acters important in the distribution of light within the 
canopy. One would expect distribution of light within the 
canopy to be important in narrow rows since light intercep­
tion is not limiting. It was interesting to note a trend, 
as evidenced by canopy ratings, that closed canopies were 
Important in wide rows but open canopies were more important 
In narrow rows. If light distribution within a canopy is 
Important, leaflet size and shape should influence light 
penetration into the canopy. Evidence was presented to in­
dicate that selection for leaflet size or shape should be 
effective if variability is present. 
One cross in this study, cross 1, had sufficient varia­
bility for date of blooming and length of reproductive period 
to emphasize the importance of these characters for yield. 
The overall length of the growing period (PM) was not related 
to the length of the reproductive periods because some lines 
were very late in commencing flowering. Hence, PM and associ­
ated characters, such as height, were not related to yield in 
40-lnch rows. In 12-inch rows, taller plants were at a sig­
nificant yield disadvantage because their reproductive periods 
were too short. 
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Yield is of primary importance in narrow row soybean 
production but these results showed that genotype x row 
spacing interactions can occur in soybeans. If breeding of 
soybeans for narrow rows is carried out in wide rows, it 
would be desirable to identify characters associated with 
high yield response and see if these characters can give 
even higher yields in narrow rows when incorporated in a high 
yielding background, A particular type of soybean plant 
appeared to be associated with high response to narrow rows. 
It is believed, from the results of this study, that a variety 
will be a high responder if it does not reach full light in­
terception in wide rows by the end of the growing season. 
Such a variety makes better use of the greater overall light 
energy intercepted by narrow rows than wide rows. The lack of 
full light interception will be associated with plant char­
acters such as shorter plants, less branching, smaller leaf­
lets and the overall reduced vegetative development of the 
canopy. If soybeans intercept most of the light in wide rows 
near the commencement of flowering, then there will be no 
yield response to narrow rows and, hence, no genotype x row 
spacing interactions. This is the case with the determinate 
types in the southern part of the United States and with some 
varieties under certain high fertility conditions In Iowa 
(Jeffers, I966). It was concluded from the results of this 
study that genotype x row spacing interactions were more like­
ly to occur In crosses that had parents differing in canopy 
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types. However, it was still possible to have lines with 
very high responses, but not significantly different from 
one another, from crosses with parents of similar canopy and 
ancestry (cross 7)« The yield levels of the soybean popula­
tions used was a good indication of the amount of yield re­
sponse that could be expected. Cross 1 had the lowest average 
yield level and the lowest average responses of its lines, but 
cross 7 had average yield levels and high average responses. 
No line in any of the 3 crosses had a higher response than 
the check variety, Hark, which was also the highest yielding 
line (Table 30). 
There was not good direct evidence that plant characters 
of lines in 40-inch rows could predict yield in 12-inch rows. 
The best single predictor of the 12-lnch yield of a line was 
the yield of that line in 40-inch rows. These results indicate 
the Importance of having lines for narrow rows that are also 
high yielding in wide rows. However, we also saw that some 
lines, which were relatively low yielding in 40-lnch rows, 
could yield quite highly in 12-inch rows if they had plant 
characters conducive to a high response. However, although 
most of these lines that were relatively low yielding in 40-
inch rows could yield higher in 12-inch rows, they were gen­
erally not the highest yielding in 12-inch rows. For example, 
in this study, some of the very short lines would give a high 
response when grown in narrow rows, but they would still be 
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lower yielding in narrow rows than a Mailer line. In other 
words, there may be an optimum expresssslon of characters re­
quired for high yields in narrow roW«-—shorter plants than 
wide rows would seem desirable but Teg try short plants may be 
undesirable. 
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APPENDIX 
Table Mean squares for plant characters, cross 1, I969 
Source of 
variation df Yield PM HM PM-BR 
A Replication 1 203.20 33.76 6.35 33.77 
B Row spacing 1 8074.09 2.16 39.71 2.16 
Error (a) 1 69.18 .01 3.31 .01 
C Plant 
population 2 6.57 1.71 3.48 1.71 
BC 2 9.04 .28 1.63 .28 
Error (b) 4 3.00 .42 1.70 .42 
D Lines 16 68.29** 81.83** 86.56* 124.40** 
BD 16 17.56* 2.62** 1.97 2.62** 
CD 32 12.24 .68 1.51 .68 
BCD 32 12.68 .52 .86 .52 
Error (c) 96 9.39 . .88 1.28 .87 
C.V. (b) ^  4.7 .7 1.2 1.3 
(c) 2 8.3 1.0 1.0 1.9 
* and ** R significant at % and 1% level, respectively; 
the symbols indicating significanèe will be used throughout 
the Appendix. 
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L/W L/W LA LA LDT 
PM-3S early late early late early 
33.77 .0543 .1087 23941 36171 .0016 
2.16 .0048 .0274 152934* 54894 .0008 
.01 .0046 .0613 474 681 .0091 
1.71 .0026 .0075 49168* 2151 .0000 
.28 .0147 .0097 21388 29301** .0369 
.42 .0031 .0084 4682 1994 .0079 
88.52** .1914** .2836** 7788** 6137** .0030** 
2.62** .0043 .0254 720 379 .0007 
.68 .0022 .0087 1103 532 .0010 
.52 .0029 .0155 821 600 .0005 
.87 .0028 .0156 867 617 .0009 
2.1 3.5 5.1 22.7 22.1 22.8 
3.0 3.3 7.0 9.8 12.3 7.9 
Table 45. (Continued) 
Source of LDT LI LI CR 
variation df late early late early 
A Replication 1 .2848 671.1 30.6 .52 
B Row spacing 1 1.9932 77648.9** 2562.4 . 46 
Error (a) 1 .0116 7.8 74.2 .03 
C Plant 
population 2 .1738* 3855.3** 23.4 .06 
BC 2 .2394* 502.3* 15.1 .79 
Error (b) 4 .0151 29.0 14.2 .32 
D Lines 16 .0236** 57.9** 65.4** 1.79** 
BD 16 .0067** 11.5 18.8** .42* 
CD 32 .0041 14.1 4.1 .18 
BCD 32 .0049* 14.0 5.5 .15 
Error (c) 96 .0029 13.1 5.8 .20 
C.V. (b) t 16.9 8.0 4.0 20.8 
(c) 2 7.4 5.4 2.6 16.1 
168 
CR 
late C. Idg. PI. hgt. PI. Idg. Br. ss 
.16 .69 2534.1 .22 .02 10.37 
.82 3.63 5150.1 .28 57.18 16.49 
.72 .25 64.8 3.39 .70 1.25 
.06 13.25** 227.8 11.99** 57.24** 1.38** 
1.35* 1.16 255.4 .35 .41* 1.57** 
.08 .23 78.6 .20 .33 .05 
2.55** 2.31** 2146.1** 4.51** 2.23** 9.51** 
.70** .20 106.7** 1.46** .20 .35** 
.54** .19 27.9 .22 .48 .18 
.26 .15 32.2 .29 .40 .09 
.26 .14 23.3 .19 .33 .15 
9.4 12.9 4.5 14.4 17.8 1.8 
16.5 9.8 2.5 13.8 17.8 3.0 
Table 46. Mean squares for plant characters, cross 4, 1969 
Source of 
variation df Yield PM HM PM-BB 
A Replication 1 511. 58 18.03 .85 18.03 
B Row spacing 1 9068.70 41.76 67.00 41.76 
Error (a) 1 185.17 27.37 50.10 27.37 
C Plant 
population 2 6.73 19.03* 47.30* 19.03* 
BC 2 19.23 1.44 13.68 1.44 
Error (b) 4 3.57 1.33 3.42 1.33 
D Lines 21 106.48** 210.06** 359.25** 278.80** 
BD 21 22.99** 3.04** 1.97 3.04** 
CD 42 8.46 1.60 2.16 1.60 
BCD 42 10.21 .95 1.28 .95 
Error (c) 126 10.08 1.24 1.47 1.24 
C.V. (b) % 4.8 1.2 1.6 2.2 
(c) # 8.1 1.1 1.1 2.1 
170 
L/W L/W LA LA LST 
PM-BS early late early late early 
18.03 .0169 .0165 123876 26027 .4672 
41.76 .0000 .0157 131065 2873 .0089 
27.37 .0128 .0214 780 658I .0064 
19.03* .0002 .1537* 43170** 9259 .0010 
1.44 .0000 .0378 7065 9112 .0164 
1.33 .0147 .0211 2956 6752 .0048 
216.71** .1532** .4236** 18762** 8842 .0049** 
3.04** .0037 .0145 702 536 .0009 
1.60 .0018 .0184 1169** 760 .0007 
.95 .0028 .0125 530 957 .0007 
1.24 .0028 .0194 497 1123 .0006 
3.5 7.4 7.4 17.2 38.4 18.2 
3.4 3.2 7.2 7.0 15.7 6.5 
Table 46. (Continued) 
Source of 
variation df 
LDT 
late 
LI 
early 
LI 
late 
CR 
early 
A Replication 1 .5183 947.0 2.0 2.62 
B Row spacing 1 .0008 90946.9 2170.6** 1.24 
Error (a) 1 .0001 576.1 .3 .08 
C Plant 
population 2 .1143* 4678** 34.4* .07 
BC 2 .0190 391.3 15.9 .25 
Error ("b) 4 .0150 150.2 5.6 .08 
D Lines 21 .0211** 96.4** 44.7** 4.$1** 
BD 21 .0011 26.1 7.4** .40** 
CD 42 .0020 17.1 2.0 . 20 
BCD 42 .0028 16.9 2.9 .20 
Error (c) 126 .0030 16.8 2.6 .18 
C.V. (b) % 19.8 21.8 2.5 10.9 
(c) % 8.9 7.3 1.7 16.2 
172 
CE 
late C. Idg. PI. hgt. Pl. Idg. Br. ss 
2.97 8.08 981.4 3.34 .09 8.55 
.21 .06 8218.6 2.58 61.09* 37.20 
4.75 1.90 375.8 1.53 .03 .16 
.10 28.43** 409.4 17.56** 60.58** .78 
3.14 .43 375.7 1.07 3.09 .28 
.54 .37 131.2 .42 .31 .36 
4.90*-* 2.89** I9O8.3** 4.97** 1.43** 17.50** 
.36 .19 101.0** .98** .58** .27 
.32 .20 17.8 .25 .34 .28 
.17 .19 22.8 .21 .26 .21 
.24 .15 30.1 .20 .25 .17 
25.4 16.9 11.3 22.6 17.6 4.3 
17.2 10.8 5.4 15.5 15.8 2.9 
Table 4?. Mean squares for plant characters, cross 7, I969 
Source of 
variation df Yield PM HM PN-BB 
A Replication 1 42.1? 68.32 37.38 68.32 
B Row spacing 1 15102.34** 40.20 29.54 40.20 
Error (a) 1 .01 64.62 82.05 64.63 
C Plant 
population 2 123.91 33.63* 63.95* 33.63* 
BC 2 4.00 3.32 5.28 3.32 
Error (b) 4 32.72 3.63 3.76 3.63 
D Lines 25 102.91** 164.65** 188.15** 133.80** 
BD 25 13.66 1.94* 3.29 1.94* 
CD 50 14.13 1.28 2.84 1.28 
BCD 50 12.15 .82 1.83 .82 
Error (c) 150 14.86 1.21 2.53 1.21 
C.V. (b)2 12.4 1.9 1.7 3.2 
i o ) %  8.3 1.1 1.4 1.9 
174. 
L/W L/W LA LA LDT 
PM-BS early late early late early 
68.32 .0531 .1230 86720 29672 .3766 
40.20 .0042 .0095 392101 5288 .0027 
64.63 .0085 ; 0016 4161 111611 .0074 
33.63 .0067 .0043 87471* 59349* .0071 
3.32 .0202 .0448** 1832 1783 .0411 
3.63 .0142 .0020 7727 4214 .0178 
34.56** .0768** .2320** 11080** 9399** .0035** 
1.95* .0029 .0064 1268 936 .0016 
1.28 .0028 .0062 1170 946 .0010 
.82 .0033 .0082* 1146 369 .0013 
1.21 .0023 .0050 1216 868 .0014 
5.0 7.2 .2 25.7 28.3 33.9 
2.9 2.9 .4 10.2 12.8 9.6 
Table 4?. (Continued) 
Source of LDT LI LI CR 
variation df late early late early 
A Replication 1 .1615 4128.9 .5 .01 
3 Row spacing 1 .0305 131076.4* 1005.1 1.51 
Error (a) 1 . 6586 663.5 84.1 .62 
C Plant 
population 2 .0498 3780.5* 65.9* .30 
BC 2 .0757 532.3 6.7 .03 
Error (b) 4 .0452 278.7 8.4 .19 
D Lines 25 .0201** 22.4* 27.3** 4.12** 
BD 25 .0056 13.3 7.7** .44** 
CD 50 .0039 12.4 2.7 .18 
BCD 50 .0033 10.4 2.3 .17 
Error (c) 150 .0037 12.8 2.6 .17 
C.V. (b) % 31.2 24.3 3.0 16.0 
( o )  2  9 . 0  5 . 2  1 . 7  15.4 
176 
CR 
late C. Idg. PI. hgt. PI. Idg. Br. SS 
.00 3.30 304.1 .88 .00 3.93 
2.58 1.65 4912.3** .24 23.16 21.44 
.45 .77 .3 .16 .72 3.53 
8.79* 43.26** 108.1 23.68** 83.33** 2.83 
5.11 4.46 341.7 1.27 2.04 1.08 
.85 .73 119.8 .23 1.26 1.27 
3.27** 1.71** 1315.8** 3.42** 1.98** 26.96** 
.29 .18 30.3 .28 .48** .17 
.28 .20 20.0 .23 .27 .32 
.20 .14 24.5 .16 .27 .23 
.28 .14 20.1 .19 .19 .27 
31.9 25.9 11.1 18.9 48.1 7.1 
18.2 11.5 4.6 17.1 18.8 3.3 
Table 48. Mean performance of cross 1 lines in 12-in and 40-inch row 
spacings for plant characters measured in 1969 
PM- PM- L/W L/W LA LA LDT 
R.S. Line BB BB BS PM HM early late early late early 
40-in. 
12-ln. 
1 40 52.5 34.5 92.5 106.7 1.456 1.643 279.3 216.1 .405 
2 51 48.3 30.3 99.3 113.5 1.672 1.761 318.9 219.0 .428 
3 50 46.5 28.5 96.5 110.3 1.465 1.725 280.9 211.6 .402 
4 44 46.8 30.8 90.8 104.2 1.648 1.856 281.4 208.0 .413 
5 53 44.5 27.5 97.5 111.0 1.481 1.581 293.4 215.6 .378 
6 50 43.8 26.8 93.8 106.2 1.674 1.776 275.9 243.2 .396 
7 50 46.2 27.2 96.2 107.2 1.524 1.700 292.6 198.3 .413 
8 51 46.7 27.7 97.7 111.0 1.531 1.826 292.7 216.8 .380 
9 51 46.5 29.5 97.5 111.0 1.523 1.664 261.9 200.8 .397 
10 51 45.0 28.0 96.0 107.5 1.487 1.651 286.0 270.4 .394 
11 47 46.5 32.5 93.5 105.2 1.644 1.848 268.3 224.4 .395 
12 45 46.3 31.3 91.3 103.7 1.783 1,902 230.5 201.7 .371 
13 39 55,0 34.0 94.0 105.3 1.836 2.034 236.4 201.0 .401 
14 38 52.8 33.8 90.8 104.5 1.728 1.790 247.9 228.2 .395 
15 45 48.2 31.2 93.2 106.2 1.737 2.000 258.8 181.5 .447 
16 43 49.0 31.0 92.0 105.3 1.522 1.750 260.7 255.7 .367 
17 44 52.2 35.2 96.2 107.5 1.531 1.686 289.8 214.1 .386 
1 40 52.0 34.0 92.0 106.8 1.396 1.548 335.6 187.4 .393 
2 51 48.8 30.8 99.8 113.3 1.615 1.824 375.2 172.8 .392 
3 50 46.5 28.5 96.5 110.2 1.482 1.806 327.2 180.6 .413 
4 44 47.2 31.2 91.2 105.7 1.610 1.987 332.0 178.7 .395 
5 53 43.5 26.5 96.5 111.0 1.472 1.551 364.0 204.9 .389 
6 50 45.0 28.0 95.0 106.8 1.619 1.834 363.5 223.1 .415 
7 50 45.0 26.0 95.0 107.7 1.534 1.640 330.8 185.3 .399 
8 51 49.0 30.0 100.0 112.8 1.502 1.814 364.1 181.8 .395 
9 51 46.7 29.7 97.7 111.3 1.510 1.550 291.8 168.0 .387 
10 51 44.5 27.5 95.5 108.7 1.436 1.547 342.4 237.9 .377 
11 47 46.7 32.7 93.7 105.8 1.667 1.954 335.7 176.7 .391 
12 45 47.3 32.3 92.3 105.7 1.856 2.042 264.1 159.0 .390 
13 39 55.2 34.2 94.2 107.5 1.798 2.055 297.9 150.7 .402 
14 38 53.7 34.7 91.7 106.0 1.754 1.999 313.2 185.8 .392 
15 45 47.8 30.8 92.8 106.3 1.763 2.031 292.0 147.9 .429 
16 43 50.3 32.3 93.3 107.3 1.540 1.731 317.3 220.2 .364 
17 44 51.2 34.2 95.2 108.2 1.523 1.675 339.8 187,8 .380 
LDT Res. Res. LI LI CR CR C. PI. PI. 
late SY bu/A % early late early late Idg. hgt. Idg. Br. SS 
.608 27.8 13.3 48.5 45.0 85.5 2.5 2.7 4.2 102.8 4.1 2.3 12.6 
.628 33.3 10.6 31.7 50.0 95.2 2.9 3.6 3.8 111.7 2.6 3,2 11.9 
.597 31.0 12.7 41.3 45.8 92.5 2.7 2.8 4.2 85.0 3.3 3.2 12.8 
.647 29.3 14.1 49.8 48.3 90.2 2.3 2.7 3.7 86.3 3.2 2,8 12.9 
.592 28.8 8.5 29.9 44.2 94.0 2.9 3.4 4.2 111.3 3.5 3.0 13.0 
.675 27.0 12.2 45.5 46.7 89.2 3.0 3.3 3.5 94.7 2.9 2.2 11.2 
.603 33.0 7.8 24.5 48.3 94.0 2.7 3.4 4.2 101.3 3.3 3.0 12.9 
.629 30.1 13.8 45.7 48.3 94.8 3.0 3.2 4.2 96.8 3.2 2.7 11.5 
.585 31.7 10.4 33.2 47.5 91.8 2.8 2.8 4.1 102.5 2.8 3.5 11.8 
.612 33.5 12.0 37.7 45.0 95.5 3.6 3.9 3.5 84.7 2.6 2.8 11.8 
.631 31.4 15.4 51.0 51.7 86.5 2.7 2.3 3.2 73.2 2.3 2.7 13,9 
.640 26.9 14.7 54.6 45.8 85.8 2.8 2.0 3.1 77.7 2.5 2.3 12.2 
.645 35.0 14.1 40.6 50.0 89.2 2.0 2,4 4.1 78.7 3.5 2.8 12.7 
.668 30.6 16.8 54.6 48.3 86.0 2.9 2.9 3.8 78.5 2.9 2.0 13.5 
.671 29.9 14.6 48.9 51.7 90.8 2.6 3.0 4.3 88.8 3.6 3.0 11.1 
.673 29.1 12.7 43.7 43.3 88.0 3.4 3.5 3.4 77.0 2.8 2.3 13,4 
.609 30.7 10.7 35.0 47.5 91.2 3.0 3.7 4.4 88.3 3.6 2,7 13.4 
.730 41.1 13.3 48.5 85.8 93.5 1.9 2.9 4.1 112.2 3.9 3.5 12.6 
.824 43.9 10.6 31,7 86.7 99.7 2.8 3.4 3.7 123.8 3.5 4.2 12.2 
.822 43.7 12.7 41.3 83.3 97.5 2.4 3.3 3.9 107.8 4.2 4.7 13.5 
.854 43.4 14.1 49.8 88.3 98.2 2.5 3.6 3.9 98.5 3.1 3.7 14.0 
.830 37.3 8.5 29.9 83.3 99.0 1.8 3.6 4.2 124.3 4.2 3.7 13.6 
.921 39.2 12.2 45.5 85.0 97.3 2.7 2.3 2.8 97.3 2.1 3,2 11.6 
.830 40.8 7.8 24.5 82.5 98.2 2.6 2.7 3.6 108.7 3.8 4,0 13.8 
.771 43,9 13.8 45.7 85.8 99.0 2.8 3.8 3.9 118.2 4.1 3.5 12.4 
.683 42.1 10.4 33.2 87.5 99.2 3.2 3.0 4.0 119.3 4.1 4.7 12.4 
.745 45.5 12.0 37.7 85.8 97.7 3.4 3.6 2.8 91.7 2.1 3.8 12.9 
.829 46.8 15.4 51.0 90.8 96,2 3.4 2.9 3,1 84.8 2.6 4.0 14.2 
.867 41.6 14.7 54.6 85.8 96,0 2.6 2.0 2,7 81.3 2.1 3.2 12.4 
.919 49.1 14.1 40.6 90.0 97,5 2.1 3.1 3.7 84.8 2.9 4.0 13.3 
.879 47.4 16,8 54.6 88.3 96.8 2.7 2.8 3.1 81.5 2.1 3.0 13.8 
.870 44.5 14,6 48.9 88.3 98.2 2.6 3.4 4.0 97.0 3.9 3.8 11.1 
.875 41,8 12,7 43.7 85.0 98.0 3.4 3.7 3,5 83.8 1.9 3.3 14.4 
.820 41,4 10,7 35.0 88.3 98.8 3.1 3.6 4.2 96.0 3.5 4.3 14.0 
Table 49. Mean performance of cross 4 lines in 12- and 40-inch row 
spacings for plant characters measured in 1969 
PM- PM- L/W L/W LA LA LDT 
R.S. Line BB BE BS PM HM early late early late early 
1 47 48.5 32 .5 95.5 110 .3 1 .526 1 .870 297 .8 215.3 .363 
2 50 49.7 31 .7 99.7 113 .2 1 .574 1 .803 307 .6 235.9 .399 
3 45 55.3 36 .3 100.3 120 .5 1 .567 1 .766 280 .0 214.8 .393 
4 42 49.0 31 .0 91.0 106 .0 1 .747 2 .214 277 .5 178.9 .397 
5 44 49.2 30 .2 93.2 106 .5 1 .575 1 .749 314 .7 224.7 .380 
6 43 56.7 37 .7 99.7 113 .5 1 .541 1 .790 264 .2 185.9 .399 
7 44 48.2 30 .2 92.2 106 .2 1 .707 2 .090 367 .1 241.2 .335 
8 48 53.8 33 .8 101.8 115 .2 1 .594 2 .116 317 .2 191.7 .356 
9 44 51.7 34 .7 95.7 112 .7 1 .485 1 .836 302 .5 170.0 .370 
10 41 60.2 41 .2 101.2 120 .2 1 .646 1 .836 286 .5 274.7 .367 
11 48 50.3 30 .3 98.3 111 .8 1 .623 2 .040 270 .6 203.3 .373 
12 41 62.8 44 .8 103.8 121 .7 1 .561 1 .864 305 .6 211.0 .366 
13 54 48.7 30 .7 102.7 117 .0 1 .704 1 .879 304 .6 209.5 .369 
14 53 49.0 31 .0 102.0 117 .7 1 .706 2 .050 313 .0 227.4 .387 
15 53 47.2 29 .2 100.2 114 .2 1 .613 2 .046 292 .2 216.4 .394 
16 53 41.8 26 .8 94.8 111 .7 1 .428 1 .520 360 .2 253.2 .331 
17 38 56.2 34 .2 94.2 106 .5 1 .738 1 .916 240 .5 185.0 .365 
18 40 57.5 33 .5 97.5 109 .8 1 .592 1 .921 248 .5 198.3 .367 
19 43 49.7 29 .7 92.7 105 .7 1 .957 2 .422 262 .0 186.5 .385 
20 40 52.5 31 .5 92.5 105 .5 1 .728 1 .969 225 .3 180.4 .359 
21 38 52.3 31 .3 90.3 102 .8 1 .761 2 .175 259 .9 184.2 .424 
22 49 50.7 30 .7 99.7 110 .3 1 .518 1 .729 286 .6 240.8 .373 
1 47 49.8 33 .8 96.8 112 .0 1 .548 1 .839 369 .9 226.9 .389 
2 50 50.0 32 .0 100.0 115 .2 1 .538 1 .765 372 .9 269.7 .400 
3 45 57.2 38 .2 102.2 121 .5 1 .587 1 .706 319 ,5 219.8 .367 
4 42 48.3 30 .3 90.3 106 .8 1 .833 2 .169 304 .4 186.1 .431 
5 44 51.2 32 .2 95.2 108 .7 1 .547 1 .751 358 .4 237.3 .360 
6 43 57.5 38 .5 100.5 114 .3 1 .537 1 .825 294 .8 192.3 .402 
7 44 48.2 30 .2 92.2 107 .5 1 .667 2 .080 396 .3 221.6 .345 
8 48 53.3 33 .3 101.3 117 .3 1 .558 2 .069 333 .6 196.1 .382 
9 44 54.0 37 .0 98.0 113 .3 1 .501 1 .767 344 .6 186.7 .394 
10 41 62.7 43 .7 103.7 121 .7 1 .602 1 .870 346 .3 262.8 .400 
11 48 51.2 31 .2 99.2 113 .0 1 .669 2 .079 308 .7 201.6 .393 
12 41 63.0 45 .0 104.0 122 .2 1 .620 1 .850 344 .7 231.3 .397 
13 54 50.0 32 .0 104.0 119 .8 1 .693 1 .986 352 .2 231.6 .374 
14 53 50.2 32 .2 103.2 118 .3 1 .685 2 .014 383 .5 235.4 .381 
15 53 46.5 28 .5 99.5 114 .0 1 .607 2 .100 435 .0 215.0 .401 
16 53 43.7 28 .7 96.7 111 .8 1 .454 1 .617 384 .5 276.4 .344 
17 38 57.2 35 .2 95.2 107 .5 1 .715 2 .124 293 .3 205.9 .401 
18 40 58.0 34 .0 98.0 109 .7 1 .619 2 .000 287 .5 190.5 .362 
19 43 49.5 29 .5 92.5 106 .0 1 .912 2 .386 310 .2 178.4 .386 
20 40 54.3 33 .3 94.3 106 .7 1 .719 1 .999 294 .5 194.4 .381 
21 38 52.7 31 .7 90.7 103 .5 1 .764 2 .124 298 .9 181.5 .428 
22 49 50.0 30 .0 99.0 110 .2 1 .522 1 .820 331 .7 233.0 .390 
IDT Res. Res. LI LI CR CR C. Pi. Pi. 
late SY bu/A % early late early late Idg. hgt. Idg. Br. SS 
.616 30 .4 12 .1 39.9 37.5 91.3 
.578 32 .6 9 .4 29.0 35.8 90.7 
.581 34 .3 13 .6 39.9 35.8 93.3 
.683 29 .9 18 .5 61.6 37.5 88.8 
.659 31 .6 14 .4 45.7 40.8 92.0 
.652 36 .2 13 .0 36.8 35.8 89.8 
.602 31 .0 10 .0 32.4 43.3 92.2 
.617 32 .8 13 .6 41.5 38.3 93.2 
.646 36 .2 9 .4 26.4 39.2 94.8 
.566 35 .7 8 .5 23.8 37.5 94.2 
.637 36 .7 12 .5 35.0 32.5 92.5 
.546 38 .3 9 .5 25.0 39.2 94.7 
.564 36 .5 5 .5 19.2 41.7 97.0 
.556 35 .9 13 .8 38.9 34.2 95.2 
.629 38 .2 11 .3 30.0 43.3 95.8 
.593 30 .2 9 .0 30.1 40.0 91.7 
.611 33 .9 12 .7 37.7 39.2 90.5 
.629 36 .0 13 .6 38.4 36.7 90.2 
.680 29 .8 12 .1 40.6 39.2 90.7 
,632 28 .7 12 .5 44.6 33.3 88.2 
.729 30 .4 13 .8 45.7 38.3 86.5 
.595 30 .7 9 .1 30.0 31.7 92.0 
.613 42.5 12 .1 39.9 73.3 95.8 
.575 42.0 9 .4 29.0 68.3 98.0 
.593 47.9 13 .6 39.9 74.2 98.7 
.638 48.4 18 .5 61.6 75.0 96.0 
.624 46.0 14 .4 45.7 80.0 98.3 
.659 49.2 13 .0 36.8 71.7 97.0 
.598 41.0 10 .0 32.4 81.7 97.3 
.621 46.4 13 .6 41.5 74.2 98.3 
.651 45.6 9 .4 26.4 77.5 98.5 
.559 44.2 8 .5 23.8 76.7 98.3 
.624 49.2 12 .5 35.0 76.7 98.7 
.554 47.8 9 .5 25.0 76.7 99.2 
.565 42.0 5 .5 19.2 73.3 99.7 
.572 49.7 13 .8 38.9 73.3 99.3 
.597 49.5 11 .3 30.0 74.2 99.3 
.618 39.2 9 .0 30.1 75.0 98.7 
.609 46.6 12 .7 37.7 75.8 96.8 
.626 49.6 13 .6 38.4 74.2 95.8 
.637 41.9 12 .1 40.6 80.0 97,8 
.633 41.2 12 .5 44.6 70.8 96,5 
.738 44.2 13 .8 45.7 75.0 94.5 
.619 39.8 9 .1 30.0 70.0 98.7 
.1 2.0 3.5 90.3 2.1 2.8 14.5 
.3 3.1 3.5 99.3 3.2 2.5 13.6 
.1 2.8 3.4 111.0 2.7 2.7 12.6 
.5 2.4 3.7 84.3 3.1 2.3 15.2 
.1 3.0 3.2 92.7 2.0 2.7 14.4 
.9 2.3 3.6 89.2 2.9 2.5 14.0 
.7 3.0 4.1 98.7 3.4 2.3 15.6 
.2 2.9 3.9 104.7 2.5 3.3 13.3 
.3 3.8 4.5 113.3 3.7 2.7 14.5 
.1 3.2 2.9 105.0 2.7 3.0 13.3 
.8 2.8 3.8 93.2 2.7 3.5 14.9 
.8 3.1 3.5 107.0 2.9 3.3 14.0 
.9 3.9 4.6 107.3 3.6 2.7 11.2 
.4 3.4 3.8 99.3 3.1 2.7 13.2 
.3 4,0 4.5 111.7 3.2 3.0 14.1 
.8 3.9 3.4 90.5 2.2 2.8 12.2 
.2 2.1 3.0 82.0 2.7 2.5 12.7 
.8 1.7 2.8 87.7 1.9 2.5 13.9 
.4 3.0 4.1 86.8 3.4 2.7 15.3 
.4 1.8 3.2 78.7 2.3 2.3 11.7 
.7 1.7 2.7 84.0 2.3 2.2 13.2 
.6 3.7 3.5 83.2 2.6 2.7 12.1 
.4 2.3 3.4 102.8 2.4 3.3 15.3 
.8 3.3 3.6 115.3 3.7 2.7 14.0 
.1 3.0 3.5 118.7 3.7 4.3 13.0 
.7 2.7 3.7 84.0 2.1 3.8 15.4 
.9 3.1 3.3 102.7 1.8 3.2 15.8 
.7 2.3 3.2 98.3 2.8 3.5 14.8 
.2 2.8 4.0 107.7 3.1 2.8 16.5 
.3 2.7 3.7 119.0 3.3 4.2 14.2 
.1 3.2 4.1 121.3 4.3 3.3 15.5 
.5 2.9 3.2 118.2 3.3 3.8 13.7 
.0 3.0 3.9 104.0 2.6 4.3 15.7 
.0 2.9 3.7 124.0 3.9 3.8 14.3 
.3 3.7 4.4 136.3 4.7 4.0 12.2 
.1 3.2 3.7 116.5 3.6 4.2 14.2 
.0 3.4 3.9 128.3 3.6 3.3 15.0 
.9 3.2 3.3 99.7 2.4 3.8 13.1 
.3 1.9 3.0 88.5 1.9 3.7 13.3 
.9 1.8 2.8 95,5 1.9 3.5 14.4 
.2 3.0 4.2 96.7 3.4 4.0 16.5 
.8 2.6 3.7 86,7 2.3 4.0 12.7 
.7 1.6 2.3 84.2 1.9 3.2 13.8 
.5 3.9 3.7 92,0 2.6 4.0 12.7 
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Table 50, Mean performance of cross 7 lines in 12- and 40-inch row 
spacings for plant characters measured in 1969 
PM- PM- L/W L/W LA LA LOT 
R.S. Line BB BE BS PM HM early late early late early 
40-in. 1 40 61,2 41.2 101.2 114.8 1.723 2.065 297.9 203.8 ,388 
2 46 56.8 36.8 102.8 116.3 1.631 1.919 346,1 216,0 .397 
3 45 58.8 39.8 103.8 117.0 1.729 2.037 277.6 195.5 ,400 
4 39 64.7 41.7 103.7 118.0 1.774 2.078 309.2 169.8 .395 
5 38 62.7 38.7 100.7 117,2 1.533 1.647 345.4 234.9 .382 
6 42 58.0 38.0 100.0 114.3 1.611 1.787 295.7 231,5 .395 
7 45 57.3 36.3 102.3 117.8 1.545 1.720 356.9 252.4 .327 
8 40 63.2 39.2 103.2 116.8 1.648 1.892 298.6 192.7 .406 
9 45 57.2 38.2 102.2 116.0 1.560 1.686 357.1 239.4 .366 
10 39 61.2 39.2 100.2 112.8 1.683 1.896 322,7 253.2 .394 
11 41 60.3 38.3 101.3 113.8 1.635 1.807 263,0 201.3 .409 
12 39 60.2 39.2 99.2 113.0 1.658 1.911 292.0 210.1 .399 
13 44 53.8 35.8 97.8 111.5 1.703 2.012 299.1 225.1 .412 
14 45 60.5 39.5 105.5 120.5 1,674 1.921 347.2 208.6 .394 
15 41 54.8 36.8 95.8 109.2 1.696 1.884 286.7 215.1 .411 
16 38 56.0 38,0 94.0 107.5 1.765 2.000 321.4 262.7 .394 
17 38 56.2 37.2 94.2 110.7 1.644 1.785 294.3 223.0 .410 
18 38 56.3 35,3 94.3 107.8 1.624 1.723 273.9 245,3 .399 
19 38 55.3 36.3 93.3 107.2 1.919 2.193 287.5 213.8 .413 
20 39 54.0 36.0 93.0 105.8 1.547 1.695 241.9 207,0 .410 
21 40 57.0 37.0 97.0 110.5 1.711 1.934 297.1 248.2 .425 
22 41 58.5 37.5 99.5 110.0 1.637 1.877 311,0 258.8 .360 
23 39 64.8 37,8 103.8 117.0 1.632 1.816 353.7 295,5 .391 
24 46 56.5 38,5 102.5 115.8 1.591 1.767 308.5 186,3 .435 
25 43 52.5 34,5 95.5 110.3 1.626 1.909 319.5 244,0 .375 
26 38 58.5 39.5 96.5 110.2 1.638 1.865 276.7 220,8 .409 
180b 
LDT Res. Res. LI LI CR CR C. PI. PI. 
late SY bu/A % early late early late Idg. hgt. Idg. Br. SS 
.723 43.5 16.2 37.4 48.3 93.8 2.1 3.1 3.3 94.0 2.4 2.2 16.4 
.692 41.5 16.1 38.9 47.5 94.8 2.7 3.0 3.0 100.7 2.4 3.0 15.1 
.708 42.9 13.4 31.9 50.0 97.2 2.0 2.9 3.8 107.7 3.1 2.8 13.8 
.683 42.6 16.1 38.5 48.3 95.5 2.9 2.7 3.3 103.0 2.6 2.2 13.7 
.704 37.5 14.1 37.8 49.2 96.2 2.5 2.6 3.3 104.7 2.5 1.5 14.5 
.666 38.8 11.2 29.6 44.2 93.7 3.2 3.7 3.3 91.0 2.5 2.7 13.9 
.677 39.4 12.3 31.6 48.3 94.0 3.2 3.6 2.9 97.3 2.1 2.0 13.9 
.691 41.8 12.9 31.6 52.5 96.7 2.1 3.3 3.7 113.5 3.2 2.2 15.2 
.669 38.8 11.5 29.7 50.0 96.5 3.3 2.8 3.3 94.7 2.3 2.0 16.7 
.686 41.3 13.2 32.1 50.8 94.3 3.9 3.4 3.5 93.5 2.9 1.8 14.7 
.690 38.7 14.5 38.4 45.8 96.2 2.6 3.2 3.7 103.3 2.6 2.2 14.8 
.724 39.3 14.2 36.3 46.7 94.0 2.5 3.1 3.7 94.2 2.6 2.0 16.1 
.691 36.4 15.2 43.7 47.5 92.8 2.6 2.4 3.2 98.0 2.3 2.2 16.2 
.628 40.4 8.7 21.8 48.3 97.3 2.9 3.5 3.9 111.7 3.5 2.2 14.4 
.711 39.9 16.8 43.2 46.7 93.0 2.1 2.8 3.4 81.0 2.3 1.8 16.3 
.655 35.4 11.4 33.1 48.3 89.8 2.2 2.4 3.4 85.8 2.7 1.5 16.6 
.746 36.0 14.3 40.2 47.5 93.0 2.7 2.9 3.0 91.3 1.9 1.5 16.1 
.697 36.4 17.3 47.7 45.8 92.3 2.0 2.4 3.1 76.2 2.2 1.8 16.0 
.786 37.3 16.2 43.7 49.2 91.2 1.8 1.8 2.9 81.8 2.3 1.8 16.9 
.679 33.1 13.4 41.3 48.3 91.0 2.3 2.9 4.1 82.7 3.2 2.5 13.0 
.703 37.1 12.7 34.4 48.3 92.2 2.4 2.4 3.0 94.2 2.2 1.7 15.9 
.656 38.8 10.3 26.7 47.5 94.8 3.0 3.0 2.9 91.8 2.0 1.8 19.5 
.641 39.6 15.2 38.8 4 7.5 96.3 3.9 4.0 3.1 92.0 1.9 1.3 17.4 
.655 42.1 14.9 37.0 50.8 96.7 2.5 3.4 4.2 101.7 3.4 2.8 13.9 
.674 41.2 15.6 37.9 49.2 94.3 3.0 3.3 3.1 87.5 1.9 2.0 15.9 
,693 41.4 14.4 35.6 49.2 91.8 1.8 2.4 3.2 77.7 2.3 2.2 16.8 
Table 50. (Continued) 
PM- PM- L/W L/W LA LA LDT 
R.S. Line BB BB BS FM HK early late early late early 
12-ln. 1 40 61.3 41.3 101.3 114.8 1.647 1.992 350.8 222.2 .413 
2 46 56.3 36.3 102.3 115.7 1.642 1.947 410.7 208.8 .376 
3 45 60.2 41.2 105.2 118.2 1.728 2.109 323.5 202.5 .416 
4 39 66.3 43.3 105.3 120.2 1.793 2.019 354.7 193.7 .383 
5 38 64.5 40.5 102.5 117.3 1.507 1.678 426.7 227.4 .391 
6 42 58.5 38.5 100.5 114.3 1.566 1.810 368.8 251.8 .390 
7 45 58.3 37.3 103.3 118.7 1.552 1.729 379.5 285.7 .380 
8 40 63.2 39.2 103.2 116.7 1.603 1.866 393.0 212.4 .383 
9 45 57.2 38.2 102.2 115.2 1.594 1.677 430.0 268.1 .376 
10 39 60.7 38.7 99.7 113.5 1.687 1.958 412.4 252.3 .389 
11 41 61.0 39.0 102.0 114.8 1.658 1.830 354.3 197.1 .388 
12 39 61.5 40.5 100.5 114.2 1.631 1.903 369.2 235.9 .391 
13 44 54.0 36.0 98.0 111.8 1.675 2.102 362.3 231.4 .385 
14 45 60.3 39.3 105.3 120.8 1.638 1.937 405.8 217.1 .394 
15 41 55.5 37.5 96.5 109.0 1.704 1.851 331.1 220.8 .415 
16 38 57.2 39.2 95.2 108.8 1.742 2.049 404.4 256.7 .374 
17 38 57.0 38.0 95.0 110.8 1.603 1.734 368.5 244.4 .400 
18 38 57.5 36.4 95.5 109.2 1.605 1.747 379.0 260.1 .383 
19 38 56.8 37.8 94.8 108.0 1.883 2.242 341.6 184.7 .422 
20 39 54.3 36.3 93.3 105.5 1.567 1.730 345.1 219.9 .383 
21 40 58.7 38.7 98.7 110.8 1.705 1.979 358.0 226.0 .453 
22 41 59.7 38.7 100.7 114.2 1.645 1.889 386.7 238.5 .377 
23 39 66.3 39.3 105.3 118.7 1.701 1.750 454.5 329.9 .363 
24 46 55.5 37.5 101.5 115.3 1.569 1.751 389.1 217.8 .371 
25 43 54.5 36.5 97.5 111.5 1.635 2.002 397.0 235.6 .364 
26 38 58.7 39.7 96.5 110.0 1.663 1.830 327.3 228.3 .382 
181b 
LDT Res. Res. LI LI CR CR C. PI. PI. 
late SY bu/A % early late early late Idg. hgt. Idg. Br. SS 
.673 59.7 16.2 37.4 90.0 97.8 2.3 2.9 3.2 102.3 2.4 2.8 17.1 
.686 57.6 16.1 38.9 89.2 99.3 3.1 2.3 3.2 107.3 2.6 2.7 15.8 
.660 56.3 13.4 31.9 89.2 97.8 2.2 2.7 3.3 117.3 3.1 3.2 14.7 
.661 58.7 16.1 38.5 90.8 98.8 2.4 2.5 3.3 114.7 3.0 3.0 14.0 
.728 57.6 14.1 37.8 88.3 97.3 2.5 2.3 2.8 113.7 2.3 1.5 14.8 
.582 50.0 11.2 29.6 89.2 99.5 3.4 3.3 3.3 95.0 2.9 3.0 14.3 
.571 51.7 12.3 31.6 90.8 99.5 3.7 3.2 2.9 108,0 2.2 3.2 14.5 
.685 54.7 12.9 31.6 90.0 98.8 2.1 3.1 3.8 125.8 3.9 2.5 15.5 
.628 50.3 11.5 29.7 90.8 98.2 3.7 3.4 3.2 99.0 2.6 2.5 17.1 
.650 54.5 13.2 32.1 90.0 97.8 3.8 3.4 3.7 96.3 2.7 2.3 15.0 
.750 53.2 14.5 38.4 89.2 97.7 2.3 2.8 3.3 106.7 2.7 2.8 15.3 
.649 53.2 14.2 36.3 89.2 98.0 3.1 3.0 3.6 102.0 2.5 2.3 16.8 
.716 51.7 15.3 43.7 88.3 97.2 2.9 2.2 3.0 104.3 2.3 2.2 16.7 
.673 49.1 8.7 21.8 89.2 99.5 2.6 3.4 4.1 127.3 4.2 2.5 15.0 
.678 56.7 16.8 43.2 90.8 96.8 2.5 2.5 3.2 88.5 2.1 2.8 16.9 
.655 46.8 11.4 33.1 88.3 96.2 2.7 2.8 3.2 97.0 2.3 2.5 17.5 
.705 50.3 14.3 40.2 88.3 96.2 2.4 2.7 3.0 94.5 2.3 2.7 16.2 
.648 53.7 17.3 47.7 85.8 97.5 2.7 2.2 2.9 84.0 1.7 2.3 16.4 
.847 53.5 16.2 43.7 90.0 95.3 1.7 1.8 2.6 91.7 2.1 2.0 17.4 
.670 46.5 13.4 41.3 89.2 95.8 1.8 3.1 5.7 92.0 2.9 3.0 13.2 
.692 49.8 12.7 34.4 86.7 98.0 2.1 2.5 3.4 102.7 2.5 2.2 16.0 
.663 49.1 10.3 26.7 85.0 97.3 3.1 2.9 2.6 96.0 2.0 2.2 20.2 
.560 54.8 15.2 38.8 93.3 99.2 4.2 3.2 2.4 100.7 1,7 1.8 18.4 
.648 57.0 14.9 37.0 90.0 97.8 2.3 3.0 4.1 111.0 3.8 3.2 14.7 
.667 56.8 15.6 37.9 90.8 99.3 3.7 2.9 2.9 92.3 2.0 3.3 16.3 
.672 55.8 14.4 35.6 89.2 96.0 2.5 2.5 3.1 87.0 2.0 3.2 17.6 
Table $1. Mean squares for plant characters, cross 1, I968 
Source of 
variation df PM PI.hgt. CR 
LxW 
early 
LxW 
late 
L/W 
early 
L/W 
late 
A Replication 2 311.24 30.53 .60 9386 6294 .1420 .2356 
B Row spacing 1 .28 7022.52 .12 14349 14788 .0136 .0001 
Error (a) 2 8.08 47.70 .64 11495 9317 .0801 .1146 
C Plant 
population 
2 76.23** 1116.16** .69** 2171* 2331 .0038 .0477 
BC 2 1.01 140.02 .28 1085 50 .0042 .0175 
Error (b) 8 8.29 56.86 .06 467 675 .0042 . 0043 
D Lines 19 266.32** 1292.24** 1.58** 6534** 4639** .1735** .2990** 
BD 19 3.21 69.32** .07 179 287 .0026 .0102 
CD 38 3.48 27.71 .05 475 485 .0025 .0068 
BCD 38 3.22 28.77 .13 264 219 .0024 .0130 
Error (c) 228 3.14 29.88 .08 366 312 .0021 .0091 
C.V. (b) % 
(0) % 
3.0 
1.9 
10.9 
7 . 9  
7 . 8  
8.7 
11.2 
9.9 
1 7 . 5  
11.9 
4 . 3  
3 . 0  
Table 52. Mean squares for plant characters, cross 4, I968 
Source of 
variation df PM Pl.hgt. CR 
LxW 
early 
LxW 
late 
L/W 
early 
L/W 
late 
A Replication 2 151.58 128.59 1.60* 8337 10644** .2584 .3883 
B Row spacing 1 17.82 3642.43 .58 17305 26458** .1316 1.0399 
Error (a) 2 71.01 589.71 .04 5736 108 .0128 .0418 
C Plant 
population 2 84.50 1811.91** .18 7888** 8931** .0012 .1456 
BC 2 29.69 108.96 .19 24 41 .0171 .1290 
Error (b) 8 22.20 115.67 .29 2139 2290 .0040 .0692 
D Lines 21 462.02** 1664.88** 2.18** 14738** 6224** .1188** .8061 
BD 21 25.52 121.04** .16 739 608 .0032 .0270 
CD 42 28.46 53.12 .08 569 450 .0027 .0209 
BCD 42 28.08 64.52 .11 391 455 .0030 .0185 
Error (c) 252 27.95 46.52 .10 489 450 .0033 .0219 
C.V. (b) % 
(c) % 
4.8 
5.4 
16.5 
10.4 
16.6 
9.9 
25.1 
12.0 
29.2 
12.9 
4.1 
3.7 
13.7 
7.7 
Table 53* Mean squares for plant characters, cross 7, I968 
Source of LxV/ LxW L/W L/W 
variation df PM Pl.hgt. CR early late early late 
A Replication 2 72.02 33.22 1.52 21192 17357 .2402 .9027 
B How spacing 1 2.71 5794.71* .03 30075 738 .0534 ,7969 
Error (a) 2 29.54 139.50 1.28 2011 14801 .0302 .7449 
C Plant 
population 2 27.89** 843.58** 1.23 322 5354* .0067 .0094 
BG 2 2.19 21.70 .02 2815 539 .0193 .1234 
Error (b) 8 2.31 97.32 .28 1888 896 .0143 .0239 
D Lines 20 189.86** 1064.01** 1.19 5151** 4706** .0830 .4980 
BD 20 3.65* 51.18** .18 607 520 .0029 .0227 
CD 40 2.49 30.71 .10 483 358 .0020 .0082 
BCD 40 1.69 26.99 .08 556 484 .0914 .0156 
Error (c) 240 2.24 22.99 .13 526 416 .0021 ,0146 
C.V. (b) % 
(0) 2 
- 1.5 
1.5 
12.6 
6.1 
15.7 
10.8 
18.4 
9.7 
18.5 
12.6 
8.0 
3.1 
8.2 
6.4 
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Table 54. Multiple regression models with yield in 12-inch rows as the 
dependent variable and characters measured in 40-inch rows 
the independent variables, 1969 
2 
Cross Dependent Independent b value t-value %R 
Yield in Yield in o
 
•in. .90 3.26* 
12-in. LA late 1.34 1.15 
L/W late 387.21 1.54 
LDT late 5.02 .00 
Pi. hgt. - 1.19 - .81 
PI. Idg. 5.68 .20 
Br. 36.26 .80 
C. width - 6.87 -1.63 
Yield in Yield in 40-•in. 1.02 3.63* 
12-in. LA late .56 - .76 
L/W late 144.95 1.54 
LDT late 358.47 .72 
PI. hgt. .78 .32 
PI. Idg. - 62.74 -1.84 
Br. - 12.84 - .34 
C. width - 2.05 - .56 
Yield in Yield in 0
 
1 in. 1.13 7.19* 
12-in. LA late .76 -1.47 
L/W late - 14.00 - .19 
LDT late 441.07 1.24 
PI. hgt. - 2.32 -2.10* 
PI. Idg. - 58.15 -1.93 
Br. 18.77 .71 
C. width 8.44 2.38* 
•Significant t-value at 5% level. 
Table 55. Simple correlation coefficients (r) between characters measured 
in 40-inch rows, cross 1, 1969 
LA L/W LA L/W LI LI 
PM-BB PM-BS PM early early late late early late 
BB -.84** -.84** .77** .61** -.45 .11 -.44 -.10 .78** 
PM-BB .86** -.29 -.33 .26 -.18 .26 .17 -.46 
PM-BS -.46 -.40 .29 -.18 .26 .24 -.67** 
PM .68** -.49* -.03 -.47* .03 .82** 
LA early -.59** .18 .58* -.07 -.71** 
L/W early -.31 .85** .58* -.44 
LA late -.40 -.52* .05 
L/W late .63** -.34 
LI early -.02 
LI late 
CR early 
CR late 
C. width 
C. hgt. 
C. Idg. 
PI. Idg. 
PI. hgt. 
Br. 
LDT early 
LDT late 
SS 
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CR 
early 
CR 
late 
C. 
width 
C. 
hgt. 
C. 
Idg. 
PI. 
Idg. 
PI. 
hgt. Br. 
LDT 
early 
LDT 
late SS 
.41 .41 .48* .43 .04 -.31 .54* .50* -.01 -.49* -.41 
-.42 -.20 -.19 -.24 .33 .46 -.24 -. 18 .06 .15 .38 
-.39 -.36 -.35 -.32 .06 .28 -.40 -.21 .02 .16 .50** 
.22 .48* .62** .47* .47* .00 .67** .66** .06 —.68** -.26 
.29 .69** .42 .45 .33 .10 .68** .31 .24 - .44 -.09 
- .45 -.49* -.04 - .44 -.33 -.24 -.41 -.21 .25 .66** -.13 
.75** .48* .08 -.34 -.51* -.43 -.20 -.36 .24 -.44 -.09 
-.53* -.53* .02 -.54* -.18 -.08 -.54* -.08 .30 .65** -.18 
-.49* -.25 .20 -.21 .11 -.12 -.12 .40 .64** .21 -.12 
.31 .64** .78** .30 .41 -.02 .54* ,64** .21 - .5O* -.37 
.67** .14 -.18 -.31 -.45 .02 -.17 -.42 .00 -.10 
.48* .07 .27 .04 .40 .13 .05 -.11 -.12 
-.01 .19 -.23 .19 .68** .15 -.19 -.20 
.41 .30 .82** .29 .26 -.59** -.22 
.79** .52* .44 .34 -.43 -.11 
.32 -.04 .23 -.20 -.01 
.30 .26 -.49* -.40 
.31 -.59** -.13 
.09 -.35 
-.12 
Table 56. Simple correlation coefficients (r) between characters measured 
in 40-inch rows, cross 4, 1969 
LA L/W LA L/W LI LI 
PM-BB PM-BS PM early early late late early late 
BB —.64** —.46* .48* .66** -.32 .42* -.25 .07 .60** 
PM-BB .91** .37 -.51 .00 -.16 
S
 1 -.22 -.02 
PM-BS .48* -.27 -.19 
o
 
1 
-.19 -.12 .17 
PM .21 -.39 .31 -.33 -.17 .70** 
LA early -.35 .52* -.18 .59* .57** 
L/W early -.33 .84** .09 -.26 
LA late - .48* .05 .34 
L/W late .08 -.21 
LI early .31 
LI late 
CR early 
CR late 
C. width 
C. hgt. 
C. Idg. 
PI. Idg. 
Pi. hgt. 
Br. 
LOT early 
LDT late 
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CR CR C. C. C. PI. PI. LDT LDT 
early late width hgt. Idg. Idg. hgt. Br. early late SS 
.43* .73** .34 .20 .60** .26 .41* .41* -.14 - .44* -.24 
- .48* -.39 -.31 -.18 -.,42* -.13 .10 .08 .12 -.19 -.04 
-.43* -.17 -.18 -.02 -.25 .01 .32 .12 .04 -.36 -.01 
-.03 .44* .05 .03 .25 .17 .61** .58** -.04 -. 74** - 3 4  
.54** .72** .78** .67** .53** .26 .58** ,06 -.29 -.31 .16 
-.03 -.28 -.07 -.18 .04 .32 -.32 -.37 .27 .35 .18 
.58** .47* .11 .04 -.13 -.13 .24 .18 -.34 - .61** -.17 
-.11 -.28 .14 .05 .23 .34 -.16 -.31 .30 .49* .48* 
.22 .33 . 76** .71** .36 .29 .38 -.22 -.19 . 06 .21 
.36 .80** .56** .49* .63** .47* .82** .54** -.24 -.64** -.11 
.61** .37 .14 .36 .22 .12 .01 -.37 -.20 .01 
.56** .41* .66** .52* .62** .34 -.23 -. 46* -.15 
.86** .62** .35 .60* .02 -.29 -.03 .34 
.49* .33 .75** .00 -.11 .00 .33 
.78** .54** .17 -.11 -.12 .20 
.46* -.02 .13 -.13 .21 
.32 -.05 -.49* .01 
-.08 -.34 .01 
.45* .09 
.41* 
Table 57. Simple correlation coefficients (r) between characters measured 
in 40-inch rows, cross 7, 1969 
PM-BB PM-BS PM 
LA 
early 
L/W 
early 
LA 
late 
L/W 
late 
LI 
early 
LI 
late 
BB -.22 -.05 .55** .38* -.27 -.18 -.07 .14 .53** 
PM-BB .76** .69** .29 -.01 -.09 .03 .13 .59** 
PM-BS .62** .09 .16 -.44* .27 .26 .50** 
PM .53** -.21 -.20 -.02 .22 .90** 
LA early -.22 .44* -.15 .16 .42* 
L/W early -.20 .92** .06 -.32 
LA late 
00 CM 1 
-.22 -.28 
L/W late .12 -.18 
LI early .30 
LI late 
CR early 
CR late 
C. width 
C. hgt. 
C. Idg. 
PI. Idg. 
PI. hgt. 
Br. 
LDT early 
LDT late 
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CR CR C. C. C. PI. PI. IDT IDT 
early late width hgt. Idg. Idg. hgt. Br. early late SS 
.23 .36 .07 .12 .20 .25 .48* .47* -.21 -.39* -.29 
.29 .38* .47* .48* .13 .21 .53** -.35 -.11 -.21 -.07 
o
 
o
 
.15 .40* .32 .37 .44* .49** .00 .08 -.14 -.16 
.42* .59** .45* .50** .26 .36 .81** .03 -.25 -.47* -.28 
.62** .62** .13 .21 -.30 -.16 .36 -.32 -.58** -.42* .10 
-.35 - .48* .04 .03 -.18 -.02 -.11 -.16 .34 .47* .25 
.49** .49** -.17 -.25 -. 54** -.58** -.39* -.50** -.43 -.30 .51** 
-.30 -.35 .09 .16 -.14 .04 .05 -.08 .24 .37 .21 
00 o
 1 -.08 .35 .45* .33 .44* .35 .02 .08 .02 .14 
.37 .55** .54** .53** .33 .33 .80** .04 -.18 -.37 -.24 
.68** .25 -.02 -.15 -.18 .20 -.26 - .46* -.53** -.03 
.29 .14 .25 .18 .38* -.02 -.31 -.57** -.25 
.24 .40* .22 .35 -.31 .09 -.10 -.08 
.16 .35 .82** -.03 .04 .02 -.14 
.88** .38* .44* .42* -.28 -.56** 
.52** .50** .33 -.26 -.63** 
.13 -.06 -.26 -.42* 
.25 .00 -.59** 
.28 -.13 
Table 58. Simple correlation coefficients (r) between characters measured 
in 12-inch rows, cross 1, 1969 
LA L/W LA L/W LI LI 
PM-BB PM-BS PM early early late late early late 
BB -.83** -.84** .76** .48* -.45 .29 - .46 - .48* .51* 
PM-BB .86** -.28 -.25 .31 -.36 .34 .51* -.17 
PM-BS -.46 -.35 .42 
o
 1 .44 .71** -.37 
PM .53* 1 fO
 
.09 -.40 -.25 .68** 
LA early 1 o
 
.54* -.40 -.29 .30 
L/W early -.59** .89** .50* -.13 
LA late -.57* -.47* .00 
L/W late .50* -.13 
LI early -.11 
LI late 
CR early 
CR late 
C, Idg. 
PI. Idg. 
PI. hgt. 
Br. 
LOT early 
IDT late 
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CR 
early 
CR 
late 
C. 
Idg. 
PI. 
Idg. 
PI. 
hgt. Br. 
LDT 
early 
LDT 
late SS 
.17 .17 .02 .37 .64** .40 .05 -.36 -.25 
-.14 .05 .17 -.12 -.33 -.17 -.10 .18 .16 
.05 -.08 .03 -.27 -.50* -.24 -.17 .15 .18 
.14 .35 .24 .49* .71** .49* -.02 -.41 -.25 
-.04 .41 .16 .21 .54* .06 -. 08 -.11 .05 
-.03 -.49* -.41 -.44 -.61** - .46 .34 .68** -.16 
.29 .19 -.32 -.38 -.01 -.29 - .46 -.10 .20 
-.06 -.28 -.31 -.35 -.57* -.36 .44 .71** -.08 
.30 -.02 -.07 -.24 -.42 .00 .00 .07 .02 
.20 .60** .36 .32 .43 .33 -.09 -.03 .02 
.13 -.40 -.43 -.32 -.08 - .44 -.19 .14 
.59** .37 .33 .38 -.28 -.25 .27 
.84** .62** .61** .09 -.32 .08 
.82** .77** .33 -.48* -.17 
.58* .11 -.55* -.27 
.19 -. 62* -.01 
.33 -.56* 
Table 59. Simple correlation coefficients (r) between characters measured 
In 12-inch rows, cross 4, 1969 
LA L/W LA L/W LI LI 
PM-BB PM-BS PM early early late late early late 
BB -.63** -.44* .45* .69** -.37 .51* -.24 -.32 .67** 
PM-BB .92** .41* -.50* .04 -.12 -.13 .04 -.10 
PM-BS .53** -.23 -.22 .10 -.34 .06 .06 
PM .26 —. 48* .45* -.43* -.33 .66** 
LA early -.39 .61** -.25 .07 .43* 
L/W early -.54** .87** .29 -.32 
LA late -.63** -.18 .44* 
L/W late .30 -.32 
LI early 
-.03 
LI late 
CR early 
GR late 
C. Idg. 
PI. Idg. 
Pi. hgt. 
Br. 
LOT early 
LOT late 
SS 
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CR 
early 
CR 
late 
C. 
Idg. 
PI. 
Idg. 
PI. 
hgt. Br. 
LDT 
early 
LDT 
late SS 
.36 .73** .52* .48* .56** -.05 -.31 -.42* -.15 
.55** -.39 -.35 .06 .08 .32 .21 -.15 -.20 
.52* -.19 -.20 .25 .29 .22 .18 -.29 -.16 
.22 .41* .21 .64** .75** .31 -.12 —.66** -.40 
.17 .55** .37 .42* .60 -.50* -.32 -.49* .15 
.14 -.26 .11 -.12 -.32 .22 .36 .20 .21 
.20 .51* .02 .21 .37 -.07 -.36 -.65* -.34 
.17 -.29 .15 -.12 -.24 .13 .34 .24 .35 
.43* -.11 .12 -.08 .02 -.15 -.26 .05 .63** 
.32 .85** .65** .70** .70** .23 -.33 —.60** -.23 
.52* .51* -.01 .05 -.07 -.49* -.24 .24 
.74** .60** .55** .05 -.23 -.54** -.12 
.68** .54** .06 -.20 - .46* .21 
.87** .00 -.06 -.54* -.10 
-.10 -.20 -.67** -.06 
-.04 -.23 -.42* 
.32 .02 
.19 
Table 60. Simple correlation coefficients (r) between characters measured 
In 12-inch rows, cross 7, 1969 
PM-BB PM-BS PM 
LA L/W 
early early 
LA 
late 
L/W 
late 
LI 
early 
LI 
late 
BB -.36 -.33 .46* .13 -.24 -.05 .01 .19 .53** 
PM-BB .79** .66** .27 .08 .11 -.10 .18 .32 
PM-BS .48* -.13 .24 -.20 .15 
00 o
 .08 
PM .36 -.12 .06 -.08 .32 .73** 
LA early -.32 .59** -.36 .18 .36 
L/W early -.30 .80** .15 -.31 
LA late .49** .20 .24 
L/W late -.04 -.17 
LI early .33 
LI late 
CR early 
CR late 
C. Idg. 
PI. Idg, 
PI. hgt. 
Br. 
LOT early 
LDT late 
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CR CR C. PI. PI. LDT LDT 
early late Idg. Idg. hgt. Br. early late SS 
.25 .24 .29 .43* .42* .38* -.16 -.25 -.22 
.11 .16 -.08 .11 .45* -.24 -.02 -.16 .01 
-.16 .04 .07 .16 .35 -.02 .22 -.03 -.03 
.30 .33 .15 .45* .76** .08 -.15 -.36 -.19 
.64** .40* -.09 .05 .21 -.22 -.55 -.36 .13 
-.23 -.44* -.22 -.18 -.11 -.18 .36 .41* .30 
.77** .45* -.37 -.41* -.28 -.23 - .42* -. 74** .29 
-.26 -.42* -.04 .02 .08 -.14 .38* .47* .15 
.33 .31 .04 .11 .15 .34 -.22 -.27 -.20 
.50** .50** .26 .39* .50** .22 -.23 -.60** -.35 
.46* -.29 -.31 -.16 -.16 -.55** -.67** .23 
.45* .42* .22 .32 -.36 —.68** -.20 
.85** .45* .39* .07 -.07 -.58** 
.77** .44* .00 -.02 -.59** 
.21 .01 .00 -.41* 
-.18 -.18 -.38* 
.44* -.06 
.08 
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Table 61. Simple correlation coefficients (r) between percent yield 
responses of lines and morphological characters of the same 
lines in 12- or 40-inch rows, 1969 
r of 7o response with variables from 
Cross 1 Cross 1 4 Cross i 7 
12-in. 40-in. 12-in. 40-in. 12-in. 40-in. 
Yield .37 -.51* .26 —•56** .31 -.31 
6B -.57* -.57* -.39 -.39 -.37* -.37* 
PM-BB .33 .20 -.18 -.13 -.24 -.33 
PM-BS .58** .42 -.32 -.28 -.28 -.44* 
PM -.61** -.77** -.67** —.62** -.52** -.55** 
LA early -.37 -.59** -.43* -.37 -.29 -.43* 
L/W early .50* .46* .46* .36 .19 .17 
LA late -.19 .04 -.52** -.47* -.11 -.10 
L/W late .65** .53* .37 .46* .04 .06 
7oLI early .41 .13 .06 -.18 .03 -.19 
%LI late -.63** -.73** -.64** -.69** -.44* -.45* 
CR early .01 -.16 -.03 -.28 -.26 -.37* 
CR late -.31 -.60** -.47* -.62** -.67** -.42* 
C. width - - -.59** - — -.27 -- .10 
C. hgt. - - -.54* - - -.22 - - -.28 
C. Idg. -.39 -.47* -.32 -.32 -.35 -.18 
PI. Idg. - .46* -.12 -.65** -.33 -.51** - .36 
PI. hgt. —.61** -.63** -.65** -.57** -.47* -.50** 
Br. -.46* -.56* .03 -.45* -.23 -.07 
LDT early .18 -.09 .27 .34 .07 .40 
LDT late .30 .63** .53** .65** .37 .54** 
SS -.12 .03 .28 .30 .03 .05 
* and ** = significant at 57» and 1% level, respectively. 
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Table 62. Leaflet dimensions of cross 1 lines measured in 12- and 40-
inch rows, 1968 and 1969 
1968 m9 
L/W L/W LxW LxW L/W L/W LxW LxW 
R.S. Line early late early late early late early late 
1 1 .396 1 .563 5625 4354 1.456 1 .643 580 504 
2 1 .585 1 .858 6701 3897 1.672 1 .761 694 500 
3 1 .388 1 .610 6010 5009 1.465 1 .725 574 488 
4 1 .528 1 .800 6166 4187 1.648 1 .856 615 467 
6 1 .554 1 .892 6230 4678 1.674 1 .776 636 552 
7 1 .512 1 .603 5555 4048 1.524 1 .700 665 458 
9 1 .508 1 .544 5188 4731 1.523 1 .664 575 456 
10 1 .370 1 .569 6131 5521 1.487 1 .651 644 620 
11 1 .536 1 .775 7164 4914 1.644 1 .848 619 530 
12 1 .727 1 .906 5984 4207 1.783 1 .902 537 495 
13 1 .633 1 .864 5302 3860 1.836 2 .034 512 456 
14 1 .543 1 .763 6362 4469 1.728 1 .790 554 536 
15 1 .636 1 .960 6264 3598 1.737 2 .000 607 440 
17 1 .445 1 .642 6126 5273 1.531 1 .686 620 480 
16 1 .436 1 .610 5550 4784 1.522 1 .720 590 573 
1 1 .383 1 .551 6072 4749 1.396 1 .548 710 540 
2 1 .610 1 .878 7195 4596 1.615 1 .824 797 511 
3 1 .432 1 .714 5911 5409 1.482 1 .806 698 552 
4 1 .529 1 .764 6754 4613 1.610 1 .987 728 525 
6 1 .598 1 .875 6501 5339 1.619 1 .834 806 645 
7 1 .510 1 .674 6169 4162 1.534 1 .640 735 574 
9 1 .541 1 .608 5612 5127 1.510 1 .550 638 520 
10 1 .364 1 .528 6396 5716 1.436 1 .547 749 695 
11 1 .580 1 .742 7820 5141 1.667 1 .954 775 585 
12 1 .768 1 .925 6240 4636 1.856 2 .042 616 525 
13 1 .631 1 .863 5563 4578 1.798 2 .055 660 463 
14 1 .523 1 .767 6868 5038 1.754 1 .999 705 558 
15 1 ,631 1 .907 6539 3971 1.763 2 .031 686 476 
16 1 .445 1 .559 6119 5065 1.540 1 .731 714 632 
17 1 .440 1 .664 6442 5330 1.523 1 .675 725 577 
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Table 63. Leaflet dimensions of cross 4 lines measured in 12- and 40-
inch rows, 1968 and 1969 
1968 1969 
L/W L/W LxW LxW L/W L/W LxW LxW 
R.S. Line early late early late early late early late 
2 1.457 1.758 4710 6672 1 .574 1.802 687 561 
3 1.506 1.812 4980 5889 1 .567 1.766 641 526 
4 1.601 2.135 6195 4817 1 .747 2.214 655 462 
5 1.480 1.683 7152 5511 1 .575 1.749 693 536 
6 1.456 1.782 5030 4836 1 .541 1.790 610 457 
7 1.623 1.998 7717 5964 1 .707 2.090 859 611 
8 1.426 2.027 7002 4848 1 .594 2.116 711 472 
9 1.453 1.735 5392 5019 1 .485 1.836 660 425 
10 1.515 1.890 4197 6133 1 .646 1.836 634 627 
11 1.570 1.939 4770 6183 1 .623 2.040 621 487 
12 1.610 1.892 5302 5633 1 .561 1.864 696 521 
13 1.575 1.752 6506 5869 1 .704 1.879 693 506 
15 1.607 2.111 7228 5318 1 .613 2.047 888 540 
16 1.385 1.484 5993 5683 1 .428 1.520 791 598 
17 1.583 1.938 5591 4746 1 .738 1.916 583 478 
18 1.513 2.024 5448 4689 1 .592 1.921 582 503 
19 1.692 2.381 5947 4306 1 .957 2.422 609 466 
20 1.593 1.824 5757 4456 1 .728 1.969 516 438 
22 1.525 1.773 4570 6223 1 .518 1.729 668 545 
2 1.482 1.805 5265 5627 1 .538 1.765 841 685 
3 1.540 1.961 5232 5222 1 .587 1.706 731 584 
4 1.673 2.148 6325 4425 1 .833 2.169 741 493 
5 1.530 1.703 6982 4769 1 .547 1.751 789 600 
6 1.506 1.815 4942 4999 1 .537 1.825 685 511 
7 1.661 2.055 8204 5608 1 .667 2.080 957 611 
8 1.471 2.324 6796 4481 1 .558 2.069 795 522 
9 1.470 1.868 5786 4347 1 .501 1.767 759 493 
10 1.565 2.110 4710 4897 1 .602 1.870 766 656 
11 1.585 2.078 5138 5381 1 .669 2.079 695 534 
12 1.627 2.088 5827 5016 1 .620 1.850 772 635 
13 1.638 1.895 6441 5079 1 .693 1.986 800 616 
15 1.622 2.238 7998 5146 1 .607 2.100 970 588 
16 1.420 1.503 6410 5629 1 .454 1.617 882 684 
17 1.624 1.967 5855 4284 1 .715 2.124 685 472 
18 1.543 2.173 5393 4705 1 .619 2.000 656 512 
19 1.813 2.515 6270 4202 1 .912 2.386 723 482 
20 1.578 1.988 5718 3957 1 .719 1.999 677 509 
22 1.542 1.799 5715 5206 1 .522 1.820 756 567 
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Table 64. Leaflet dimensions of cross 7 lines measured in 12- and 40-
inch rows, 1968 and 1969 
ms 1969 
L/W L/W LxW LxW L/W L/W LxW LxW 
R.S. Line early late early late early late early late 
1 1 .497 1 .984 6815 4383 1 .723 2.065 698 539 
3 1 .611 2 .058 7055 4650 1 .729 2.037 633 494 
4 1 .630 2 .142 6812 4835 1 .774 2.078 718 453 
5 1 .363 1 .732 8025 4606 1 .533 1.647 743 560 
6 1 .488 1 .757 6648 5212 1 .611 1.787 687 565 
7 1 .393 1 .747 7658 5951 1 .545 1.720 719 621 
8 1 .493 1 .889 7261 4756 1 .648 1.892 695 503 
11 1 .467 1 .815 7211 5085 1 .635 1.807 623 506 
12 1 .495 1 .823 6680 5364 1 .658 1.911 647 523 
13 1 .524 2 .009 7558 4774 1 .703 2.012 696 573 
15 1 .512 1 .792 6973 4936 1 .696 1.884 675 557 
16 1 .566 1 .922 8505 5946 1 .765 2.000 719 635 
17 1 .499 1 .641 7371 5036 1 .644 1.785 691 570 
18 1 .421 1 .635 6999 5470 1 .624 1.723 634 611 
20 1 .380 1 .556 6624 5253 1 .547 1.695 567 513 
22 1 .474 1 .790 6735 5488 1 .637 1.877 703 637 
24 1 .470 1 .755 7278 5648 1 .591 1.767 709 484 
1 1 .518 1 .996 7621 4793 1 .647 1.992 824 569 
3 1 .656 2 .244 7701 4140 1 .728 2.109 709 531 
4 1 .634 2 .293 7417 4900 1 .793 2.019 809 522 
5 1 .400 1 .767 8716 4630 1 .507 1.678 891 571 
6 1 .502 1 .858 6772 5374 1 .566 1.810 789 639 
7 1 .420 1 .785 8262 5922 1 .552 1.729 822 697 
8 1 .542 2 .050 8793 4573 1 .603 1.867 861 581 
11 1 .488 1 .870 7363 4972 1 .658 1.830 766 537 
12 1 .525 1 .914 7294 5428 1 .631 1.903 804 570 
13 1 .514 2 ,065 8771 4794 1 .675 2.102 774 603 
15 1 .524 1 .753 7376 5048 1 .704 1.851 787 591 
16 1 .590 2 .100 8774 5771 1 .742 2.049 855 679 
17 1 .481 1 .822 7540 5106 1 .603 1.734 822 597 
18 1 .450 1 .668 7399 5295 1 .605 1.747 833 654 
20 1 .422 1 .557 6666 5714 1 .567 1.730 741 567 
22 1 .531 1 .925 7342 5901 1 .645 1.889 851 621 
24 1 .497 1 .858 7956 4878 1 .569 1.751 824 578 
